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DEDICATION, 


vourably received by Gentlemen, 5 
who have fo happity*eftabliſhed an 
NG Inſtitution, which holds theſe great 
and important Objects profeſſedly in 
View. I am 15 ſo eee as. 


we ANF I, 


__ you will haqgons, with your 
| Countenance, my Erideayours to ex- 
3 plain to others thoſe Branches of 
Practical Science, which are of ge- 
neral Utility, and at the ſame time of - 


Ar "TO gt © c rl 


ea Attainment. . 
e Abet | 
22:15 31¹¹ 3 2 
Wich much dee, 
25 Wh | Gentlemen, FEY 9 
N | e oſt Obedieht, 
3 - Humble Servant, 
b. ITS ORD Jour luise, ; 
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IE. Eien We is 1 
public on many accounts; but particularly 
upon this circumſtance, which is in ſome degree 
culiar to it, that the author has inſerted nothing 
which he has not actually proved by experiments : 
it was compiled chiefly for his on uſe, being the 
reſult of his reading, and remarks upon different 


ſubjects. What articles are tranſeribed are from au- 


thors of eſtabliſhed reputation, which he has found 
upon examination to be right; and can retom- 


mend them to thoſe who are we to o engage in 


theſe uſeful ſtudies. 


| The particular branches of — TT pet 
| of, are thoſe of the mechanical powers, electricity, 
optics, aſtronomy, grinding and poliſhing optic 


glaſſes, mirrours, and the conſtruction of optical © 


inſtruments, with the practical parts of clock and 


due regard has been 52 and proper inſtructions 
given, both with reſpect to theory and practice. 


A thorough knowledge of the mechanic — : 


is a neceſſary p art of polite education, and their 


uſefulneſs is manifeſted by every days experience, 


therefore ſuch definitions, poſtulates, and axioms are 
| | | Praying 


batch-making ; in all which branches of ſcience - 


5 * 
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* 
* 


j | 


* — 


1 . 


premiſed that were thought ds, * a right 
conception thereof, ſo as to form a juſt idea of their 


application on any particular occaſſon: and, as 


the reaſoning on theſe ſubjects has been in a ge- 


neral way; ſo no regard has been had to the parti 


cular weight of the beam or lever in the princi- 


ples laid down. It being well known the thoſe 


muſt be equipoiſed 1202 woch thergems can. be 
* Ka 


| The 1 in clefcicity u may 00 0 be . 


| pended upon, as the author conſtructs the neceſ- 


fury apparatus for that branch of ſcierice ; and in 


| Which is given an ee of the Fan 


f 
* k ay ' - 


* 
— . - 


His obſervations upon 3 5 him - 


ſelf, will be found particularly intereſting, with 

reſpect to the grinding * optical glaſſes, as be is 
thoroughly acquainted with the principles of 
grinding, poliſhing, and adjuſting mirrours to the 
inſtruments uſed in that branch; having gone 
through the operative part himſelf, and commu- 
nicated the proceſſes for the uſe of thoſe inge- 
| nious —_ who ney” —— PP It. Ae 


> "UH Bibs +06: Secu . NET is is here 


ſelected from other publications, may be relied 


upon as the moſt approved; and ſuch. as may 
enable the ingenious reader to purſue. theſe en- 
gaging ſtudies upon true principles, and make a 
5 W 188 in Amy both * 
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(a), 
ice; ſo that he will be under 
chain many voluminous. trea- 


5 them wh 


tiſes upon thoſe ſubjects at a great expence, which - 


by a cultiplicity. of matter ill digeſted, and fre- 
quently taken upon truſt, without bringing them 
to the teſt of experiments, only fatigue and be- 
wilder the unprincipled and unwary in a nn. 
of error and confuſin. 


3 


5 The 3 ddis not . to communicate bis 


information upon theſe ſubjects, in a ſtyle and 
language which will bear the reſt of ſtri& criticiſm; 


his employment as a mechanic, it is hoped, may be 
pleaded as an excuſe for errors or inacquracies' in 


this reſpect, as he has endeavoured to convey his 


ideas in a plain, artleſs manner, that they may be 
apprehended by the generality of common readers, 


for whoſe information this work is principally 


intended as an eafy Introduction to Uſeful Know- 
ledge. - In the Miſcellaneous part, ſuch ſecrets 


Moe noch ect 119+ as are well 


worth their attention. Some apology may be 
thought neceſſary from the author, for laying 


them open to public inſpection ; but as. he ob- 


tained his experience chiefly from his own in- 


duſtry and unwearied diligence, he. has a right to 


communicate it for the benefit of young begin- 
ners, till they can procure better aſſiftance, or 
be enabled to ſtrike out ann future 


os eee 5 
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jects treated oſ in Miſcellaneous Articl 
much unneceſſary expenee, have leſt 
ance i in which they found them: This 


with the parctical part of the arts they 
wrote upon. Theory without experi- 


ſign and intention of this work. Parti- 


experiments have repeatedly confirmed 
The beſt authors have been canſulted, 


JSEVIT L 


To the. e 


E K part ob abe publicaitcis 
which haye appeared on the fub- 


after having diawn' their readers in 


them nearly in the ſame ſtate; of ignor- 


has artſen from: the obſcure-and 
perplexed manner in which the ſubjeQs 
have been handled; and ſtill more from 
another cauſe, camely. that the authors 
themſelves were © totally unacquainted 


ments will ever be liable to error. To 
obviate both theſe objections is the de- 


cular attention has been paid to render 
perfectly clear and eaſy every thing it 
contains, and the editor's on private 


the truth of every thing it advances. 


and neither pains nor expence have 
been ſpared to render the whole worthy 


the encouragement and paleonhage of ſhe 
public. 
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DE 22 on aft 


1. MECHANICS i is a 1 which treats - 

of the forces, motions, velocities, and 
in general, of the actions of bodies upon onle 
another. It teaches how to move any given 
weight with any given power; how go contrive 
engines to raiſe great er or to . 5 | 
Kind of motion. n ** 


— 


8. Body i is Po maſs or quantity it matter; an 
elaſtic body is that which yields to a ſtroke, and 


daggers e _ NE il. ou tis OW 
an arbor body. | 


3. Denſity is the prupbrtion n of u 0 quantity of 
matter in any body, to the quantity of matter in 10 
another hoy: of ng ſame 3 | 


*** 4 de 


2 - AN INTRODUCTION TO 
+ Force is.a power exerted on a body to move 
If it act inſtantaneouſly, tis called percuſſion, 
or nana" ut conſtantly, tis an accelerative 
force. Th: | 


c. Velocity is is a property of motion, by which 
a body paſſes over a certain ſpace in a certain 
time. And is greater or leſſer, as it paſſes over 
a greater or leſſer ſpace in a certain time as 

yo a ſecond. | | 


| Motion is a coeiaal and ſucceſſive change 
of place. If the body moves equally, tis called 
equable or uniform motion. If it increaſes or 
decreaſes, tis called accelerated or | retarded. 
motion. When it is compared with ſome body 
at reſt, 'tis called abſolute motion. But when 
compared with others in motion, it is called 
relative motion. | TATE 


29. Direction * motion is the eourſe or way the | 
body tends, or the line it moves in. | 


8. Quincy of motion, is "a motion a body 
has, conſidered both in regard to its velocity and 
quantity of matter. This is called Boy momentum - 


of . 


9. vis inertiz, is the innate force of matter, 
by which it reſiſts any change, ſtriving to as 
its N ſtate of reſt or motion. 


. 14 > 


= Gravity i is that force wherewith a body en en- 
deavours to fall downwards. It is called abſolute 


gravity 


10 


USEFUL. KNOWLEDGE: 3 
gravity in empty ſpace ; and relative graniry | 


| when n in a fluid. 


711 Specific gravity, is the greater or leſſer 
weight of bodies of the ſame magnitude, or the 
proportion between their weights. This proceeds 
from the natural 1 of bodies. 


Center of wity, is a certain point of a 
body upon which, the body when ſuſpended, 
will reſt in any poſition.” 


13. Center of motion, is a fixed point about 
which a body moves. And the axis of motion is 
a fixed line it moves about. 


14. Power and weight, when oppoſed. to one 
another, ſignify the body that moves another, 
and the other which is moved. The body which 
begins and communicates motion is the power; 
and that which receiyes the motion, is the 
wei ight. | 


15. Equilibrium is the balance of two or more - 
forces, ſo as to remain at reſt, 


16. Machine or engine, is any inſtrument to | 
move bodies, made of levers, wheels, pullies, c. 


17. Mechanic powers, are the lever, wheel, 
pully, ſcrew and wedge, and the inclined plane. 


18. Streſs i is the effect any force has to bien | 
4 . or wy other body ; and ſtrength is the 
p of 1 reſiſtance 


— 


AN. INTRODUCTION 19 
reſiſtance it is able 50 3 een any frklning 


does. 


a „ 3 machine 
_— by the nne un ove ene 


res T1 1% 


7 That a. final. part of "bg furface of 'the 
earth may be looked upon as a plane, For though 
the earth be round, yet ſuch a ſmall part of it as 

we have any occaſion to conſider, does not Ken 


ſibly differ from a plane. 


2. That heavy bodies deſcend in lines 3 
to one another. For though they all tend to a point 
which is the center of the earth, yet that center 
is at ſuch a diſtance that theſe ines wow en 
bly from parallel lines. II 


3- The ſame body 1 is of the ſamie e in all 
places on or near the earth's ſurface. For the 


difference is not . in . ſeveral 1 we 


can go to. 


4. Though all matter is . and all engines 
imperfect; yet for the eaſe of calculation, we muſt 
ſuppoſe all planes perfectly even; all bodies 
perfectly ſmooth; and all bodies and machines to 
move without friction or reſiſtance ; all lines 
ſtreight and inflexible, without weight or thick- 


neſs; cords e . and ſo on. 


Axlous. 


— 


8 USEFUL KNOWLEDGE: | 


* 


AX 10 * 8. 


. body endeavours to remain in its pre- 
ſent ſtate, whether it be at reſt, e unf 


marr th ina n of 


2. The Alteration” of motion by ar external 
orce is always pr able to chat 4 and - 


in dire&ion tots: line in which * 
Sas; 4H 5 | 


ne 


— 


— 


3. Aftion/and een ee 
ann ene ö | 


4. The mos a body js made jip of the 
mmmmm, ("re 


6. The in 5 inthe aue place, | 
re proportional to the quantities of matter 85 
ontain, without any to * figure. 


6. The vis inertiæ of any body, i is proportional | 
o the, quantity of matter. | ; 


7 Every body will deſcend to the love Nes 
can gte 


8. Whatever ſuſtains a hear body, bears al 
e weight of i it. 


* contrary: directions; one anothers ef- 
Rs. And r only with the dif- 
. n | 


— 


10. When 


„ Two equal orevs aBing ee the enodige | 


* A 
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10. When a body. is kept in equilibrio; ; the 
contrary ers in any line of direction are equal. 


11. If a certain force generate any motion; an 


"os equal. force acting in a contrary direction, vill de- 
ſtroy as much motion in the fame time. San NH 
| i | 


12..1f a body be atted on by any power in a 
given direction. It is all one in what point of 
| that line of direction, the power is _ 


| 13. ale a e the ns 
1 of the rope are equally ſtretched. And the force 
in any part acts in direction of that part. And 1 ic 
is the ſame thing whether the rope is drawn out 

at len ngth, or goes over woes e 


14. If n 8 at one FR of a hin act 
againſt ſeveral forces at the other end; the lever 
acts and is acted on in direction: of its length, 


Of the MECHANICAL POWERS, io 


L 


— | | 24 7 | - «91 1 os . . ; 0 t 
5 ve OW if we. conſider bodies in motion, and WW ,, 
: as. compare them together, we may do this either Ne 


all me- with reſpect to the quantities of matter they | 
chanics. contain, or the velocities with which they are 
moved. For the heavier any body 1 is, the en. 
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otion : and again, the ſwifter it moves, the 
ater is its force. So that the whole force of 4 

oving body is the reſult of its quantity of mat- 


oved. And when the product ariſing from the 
ultiplication of the particular quantities of 
atter in any two bodies by their reſpective velo- 
ties are equal, the entire forces are ſo too. 
hus, ſuppoſe a body, which we call A, to weigh 
o pounds, and to move at the rate of two miles 
a minute; and another body, which we call B, 
weigh only 4 pounds, and to move 20 miles 
a minute; the entire forces with which theſe 
o bodies would ftrike againſt any obſtacle 
Would be equal to each other, and therefore it 
Would require equal powers to ſtop them. For 


dy A: and 20 multiplied by 4 gives 80, 
e force of the body B. upon this eaſy principal 
pends the whole of mechanics: and it holds uni- 
rſally true, that when two bodies are ſuſpended on 
y machine, ſo as to act contrary to each other; 
the machine be put into motion, and the per- 
dicular aſcent of one body multiplied into its 
Wight, be equal to the perpendicular deſcent of 
other body multiplied into its weight, thoſe 
ies, how unequal ſoever in their weights; 
balance one another in all ſituations: for, as 


: and whole aſcent of one is performed in the ſame -_ 
ther Ne with the whole deſcent of the other, their 
they Neective velocities muſt be directly as the ſpaces 


move through; and the exceſs of weight in 
body 1s compenſated by the exceſs of velocity 


the power required either- to move or ſtop its 5 


r multiplied by the. velocity with which it is 2 


) multiplied by 2 gives 80, the force of the 


= 7: _ finding how much fwifter the power moves than 
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1 nos to in the other. Upon this principal it: is eaſy to 


Fend. compute the power of any mechanical engine, 
3 whether ſimple or compound; for it is but only 


cate” the weight does (i. e. how much farther in the 


Y gc 1 thy yr come 


WW er the engine. a 5528 
In the theory of hs 3 we Ry ru 


| ne perfectly even, all bodies perfectly {mooth, 


levers to have no weight, cords; to be 


pliable, machines to have no friction; and is 


ſhort, all imperſections muſt. be ſer. aſide until 


the theory be eſtabliſhed; e, - Proper Mo 


7h. ances are to be made. 


what, the wheel and axle, the pully, the inclined. plane, 
the wedge, and: the ſcrew, they are called; me- 
chanical powers, becauſe they help us mechani- 


overcome refiſtances, hich we e re 
| without them. N * 8 


1. A lever is „ one 8 
of ann prop, all the other 
turn upon that prop as their center of mo- 


| _.. ton: and the velocity of every part or point is 


directly as its diſtance, from the pu p-  There- 

fore, when the weight to be at one end 

is to the power applied at the other to taiſe it, as 

N the diſtance of che -power from the prop, is to 

1 PP 
| power 


— 


Thehle- The 4 machines, 3 called * 
chanie nical powers, are ſix in number, viz. the lever, 


cally to raiſe weights, move heavy bodies, and 


fie — joy a rein 1 


o _ - -_ wwwkwwas 


skrut. Komi Ehe 9 
| power and weight vill exactly balance or coun- Ft, 
terpoiſe each other: and as 2 common lever has 


next to tio friction on its prop, a very little addi- 
tional _ will be ſuficient to raiſe the weight: 


There are ſour kinds IF levers: it. The 
common fort, when the prop is placed between 

weight and power; hut much nearer to the weight 

than to the power. 2. When the prop is at one 

end of the lever, the power at the other, and the 

weight between them. 3. When the prop is at 
one end the weight at the other, and the power 

applied between them. 4. The bended lever, - 
which differs only in form from the firſt ſort, but 1 
not in property. Thoſe of the firſt and ſecond 

kind are often uſed in mechanical engines; but 


> = . 
" : 
1 1 . 6 * 
* : 
W . ns 


there are few inſtances in which the third ſort is uſed. 
F, 
©, The balatice is a freight inflexible rod or beam, The ha. 
* turning about a fixed point or axle in the middle unce 
* of it; to be loaded at each end with weights 
Kd. ſuſpended there; it is by ſome reckoned a lever of 
& the firſt kind, but as both its ends are ſet at equal 


diſtances from its center of motion, they move 
with equal velocities; and therefore, as it gives 
no mechanical advantage, it cannot properly be. 
reckoned among the mechanical powers: | 


Let en be a beam or lever, E the middle pia, 1. | 
point or center of motion; A B, the n 5• 
hanging at the ends C & D, then let the beam and 
the weights, or the whole machine, be ſuſpended 
at Ez and ſuppoſe the beam and the weights de 
Wl a . D 
3 ES being 


AO LR GET He. 


10 : 
Es. 5. being equidiſtant from E, will deſcribe equal 


and if the bodies A and B be equal, then the 


be put into one ſcale, and balanced by known 
weights put into the other ſcale, theſe W 


. theſe properties. 1. The points of ſuſpenſien of 
the ſcales, and the center of motion of the beam 


| handle H. For "by that motion, the center of * 
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arches, and therefore their yelocities will be equal; 


motion of A vill be equal to the motion of B, 
as the quantities of matter and velocities are 


equal; and conſequently, if the beam and weights 
are ſet at reſt, neither of them can move the 


other, but they will remain in equilibrio if one 


weight be greater than the other; that weicht 
18 and Kale will deſcend and raiſe my _ 


1 
3 
* 


Now the uſe of the . * a Sonmon pair 
of ſcales, is to compare the weights of different 
bodies; for any body whoſe weight is required, 


will ſhew the weight of the body. 
To have a pair of ſcales perfect, they muſt ime” 


C, E, D, muſt be in a right line. 2. The arms 


E D E, muſt be of equal length from the 


center. 3. That the center of gravity be in the 


center of motion E. 4. That there be as little 
friction as ane. 8 x 5 hat _ be in N e 


when empty. 


If the center of gravity of the beam be above 


the center of motion and the ſcales be in equili- 


brio, if they be put a little out of that poſition, 
by putting down one end of the beam, that end 
will continually deſcend until it be ſtopt at the 


e wv 


8 
7 
L 
P 
1 
; 
1 
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is continually deſcending, according to the nature 
of it, but if the center of gravity of the beam 
be below the center of motion; if one end of 
the beam be put down a little, to deſtroy the 
equilibrium, it will return back and vibrate up 
and down. For by the motion the e center of rar 
vity is endeayouring to deſcend. 


| To diſcoyer a falſe i 3 the 3 | 
in the two ſcales to. be in equilibrio; then change. 
the weights to the contrary ſcales. And tf 
they be not in equilibrio, the balance j is falſe, 


Hence alſo to prove à pair of good ſcales, they 
muſt be in equilibrio when empty, and likewiſe in 
equilibrio- with the two- weights. Then if the 
two veights be changed to the contrary ſcales, che 

Fquilibejum wil * remain, if the Rs arg 


A lever of the firſt kind is tall by the Fig. 1. 


bar AB C ſupported by the prop P. Its princi- 7 The firſt 


pal uſe is to looſen large ſtones in the ground, or to ho of 


raiſe great weights to ſmall heights, in order to 
have ropes put under them for raiſing them higher 
by other machines. The parts A B and B C on 
different ſides of the prop D, are called the arme 


- of the lever: the end A of the ſhorter arm AB 


being applied to the weight intended to He raiſed; * 
or to the reſiſtance to be overcome; and 17 12 Wy 
er applied to the end C of the longer arm B 


| In making experiments with this 8 , 


the eurer arm A B muſt bo as much thicker thaꝑ 


92 8270 the 


£8 = 


12 
Fig: 1. the longer arm B C, as will be ſufficient to balance 


Then, if che power be es times as far from 


plain that a man, who by his natural ſtrength, 


power and weight will exactly balance each 
other; and a little addition to the power will 
raiſe the weight. T hus, in the preſent inſtance; - 
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it on the prop D. This ſuppoſed, let P repreſent a 


power, whoſe gravity is equal to 1 ounce, and W a 


is equal to 12 ounces, 


weight whoſe 


the prop 'as the weight is, they will exactly 
counterpoiſe; and a ſmall addition to the power 
P will cauſe it to deſcend and raiſe the weight 


W, and the velocity with which the power de- 
ſcends will be to the velocity with which the 


weight riſes, as 12 to 1: that is directly as their 


diſtances from the prop; and confequently as the 


ſpaces through which they move. Hence it is 


without the help of any machine could fupport 


an hundred weight, will by the help of this lever 


be enabled to fupport twelye hundred. If the 
weight be leſs, or the power greater, the prop 


may be placed ſo much farther from the weight; 

and then it can be raiſed to a proportionable 
greater weight, For univerſally, if the intenſity 
of the weight multiplied 155 its diſtance from 
the prop, be equal to the intenſity of the power. 


multiplied into its diſtance from. the prop, the 


the weight Wis 12 ounces, and its diſtance from 


the prop is 1 inch; and 12 multiplied by 1 is 123 
_ - the power P is equal to 1 ounce, and its diſtance 


from the prop is 12 inches, which multiplied by 
1 is 12 again, and therefore there i is an equilibri- 
um between them. So if a power equal to 2 
Eurer be applied at che diſtance of 6 inches from 

the 


— 


ww wiwes OO © 0e. 
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the prop, it will juſt balance the weight W. for 


a to 3 ounces placed at 4 inches diſtance from 

he prop would be the ſame; for g times 4 18 125 
— In proportion. To this kind of lever 
may be reduced ſeveral ſorts of inſtruments, fuch 


keeps them together. In common practice, the 


of the ſhorter: a Nen ber 
cauſe it adds ſo much to the power. | 


The Statera or Roman ſteelyard is a lever of 


tion D. For, if a weight hangs at A, the extre- 


as will exactly counterpoiſe the longer arm D X; 


weight P (which we may ſuppoſe to be x pound) 
will ſerve for weighing any thing as heavy as 
itſelf, or as many times heavier as their are divi- 


its own weight and that quantity. As for exam- 
ple, if P be 1 pound and placed at the firſt divi- 
Hon r'in the arm D X, it will balance 1 pound in 
the ſcale at W: if it be removed to the ſecond di- 
viſion at 2 it will balance 2 pounds in the ſcale: 
if to the third, 3 pounds; and ſo on to the end 
of the arm D X. If each of theſe integral divi- 
| _ 


abr det ronment nates end GE GG CES. 


6 multiplied by a is 12 as before. And a power 


as ſeiſſars, pincers, ſmuſfers, &c. which are made 
of two levers acting contrary to one another: this 
prop or center of motion being the pin which 


longer end of this lever greatly exceeds the weight 


mity of the ſhorter arm D G, is of fuch a weight 


if this arm be diyided into as many equal parts as 
it will contain, each equal to O D, the ſingle 


lions in the arm D X, or any quantity between 


H 3 PR 
N - 
he * 


this kind, and is uſed for finding the weights of Fig. 6. 
different bodies by one fingle weight placed at fleel- 
different diſtances from the prop or center of mo- yard. 
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ſions be ſubdivided into as many equal parts as a 
pound contains ounces, and the weight P be 
placed at any of theſe ſubdiviſions, ſo as to coun- 
terpoiſe what is in the ſcale, the pounds and odd 
ounces: therein will by 25 means be aſcertained, | 


| 11 ſe- A lever of the Abend kind has the weight bs 
kind of tween the prop and the power, In this, as well 
lever. as the former, the advantage gained is as the 
| diſtance of the power from the prop : for the re- 
ſpective velocities of the power and weights are 

in that proportion; and they will balance each 
other when the intenſity of the power multiplied 
by its diſtance from the prop is equal to the inten- 
ſity of the weight multiplied by its diſtance from 
the prop. Thus, if A B be a lever on which the 

* weight W of 6 ounces hangs at the diſtance of 1 
inch from the prop G, and a power P equal to the 
weight of 1 ounce hangs at the end B, 6 inches 
from the prop, by the cord C D going over the 
fixed pulley E, the power will juſt ſupport the 
weight: and a ſmall addition to the power will 
raiſe the weight, 1 inch for every 6 inches that 
the power deſcends. This lever ſhews the reaſon 
why two men carrying a burden upon a ſtick be- 
tween them, bear unequal. ſhares of the burden 
in the inverſe proportion of their' diſtances from 

it. For it is well known, that the- nearer either 
of them is to the burden the greater ſhare 
he bears of it: and if he goes directly under it he 
bears the whole. So if one man be at G and the 
other at B, having the pole or ſtick A B reſting 
on their ſhoulders; if the burden or weight W be 
placed five times as near the man at G, as it is 

rg 
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to the man at B, the former will bear, five times. 
as much weight, as the latter. 5 


T his is likewiſe applicable to the caſe of two 
orſes of unequal ſtrength to be ſo yoked, as 
hat each horſe may draw a part proportionable 
o his ſtrength ; which is done by ſo dividing the 
beam they pull, that the point of traction may 
de as much nearer to the ſtronger horſe than to 
he weaker, as the ne of the e exceeds 
hat of the latter. ; | 


To chis kind of Ins may Ss reduced dars, 
dders of ſhips, doors turning upon hinges, 
utting knives, which are fixed at the point, &c. 


If in this lever. we ſuppoſe the power 2 The 


eight to change places ſo that the power may be _ 
detween the weight and the prop, it will become fe. 


lever of the third kind: in which, that there 


he ay be a balance between the power and the 
vill eight; the intenſity of the power muſt exceed 
* e intenſity of the weight, juſt as much as the 


iſtance of the weight from the prop exceeds the 
iſtance of the power. Thus, let E be the prop Vis 
f the lever A B a and W a weight of 1 pound, 
aced 3 times as far from the prop, as the power 
acts at F 2» by the cord C going over the fixed 
illey D; in this caſe, the power muſt be equal 
d three pounds, in * to ti the weight 
pound. . 


To this ſort of lever are WED PVP the 
dnes of a man's arm: for when he lifts a weight 
, by 


16 


lower part of the arm turns, the muſcle muſt 


moving power, it is uſed as little as poſſible, but 


be reckoned levers of this kind, becauſe the 
power that moves every wheel, except the firſt, 
acts upon it near the center of motion by means 


The 


fourth 
kind of 
lever, 


Fig. 4. 


the weight as CB is to CF they are in equilibrio. 


a ladder, which being fixed at one end, is by the 


means of the cord D E going over the pulley G, 
and W is a weight or reſiſtance acti 


— 
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by the hand, the muſcle that exerts. its fores to 
raiſe that weight is fixed to the bone about one 
tenth part as far below the elbow as the hand is. 
And the elbow being the center round which che 


therefore exert a force ten b as Fear as the 
weight that 1 is raiſed; | 


As this kind of lever f is 4 difudvantdge" i te 
in ſome caſes it cannot be avoided; ſuch as that of 
ne . a man's arm reared n a wall 

And i in clock-werls; Where all the Abel may 


of a ſmall pinion, and the reſiſtance it has to 
overcome, acts againſt che teeth round 1 its circum- 
ference. * a 


The fourth kind of woes diffets | nothing from 
the firſt but in being bended for the fake of con- 
venience, A C is a lever of this fort bended 
at C, which is a prop or center of motion. P is 
a power acting upon the longer arm A C at F, by 


ng upon the 
end B of the ſhorter arm C B. If the power is to 


Thus, ſuppoſe W to be 5 pounds acting at the 
diſtance of one foot from the center of motion C, 
and P to be 1 pound acting at F, five feet from 
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the center C, the power and. weight would juſt 
balance each other. A hammer drawing a nail i * 
a lerer of this fort | 


2. MA 
Ne 2. * be cba e a 16 100 . He 
the and axle, in which the power is applied to the ir- wheel 


cumference of the wheel, and the weight is raiſed 
by a rope which coils about the axle as the wheel 
is turned round: Here it is plain that the velo- 
city of the power muſt be to the velocity of the 
weight; as the circumſerence of the wheel is to 
the Linclanafaroiigof the axle: and-conſequently, ; 
the power and weight will balance each other, 
when the intenſity of the power is to the intenſity - 
of the weight, as the circumference of the axle 


be a wheel; C D its axle, and ſuppoſe the circums 
ference of the wheel to be 8 times as great as the 
circumference of the axle; then, a power P equal 
to 1 pound hanging by the cord I, which goes 
tound the wheel, will balance a weight W of 8 

pounds hanging by a rope K which goes round 
the axle. And as the friction on the pevets or 


on- gudgeons of the axle E F is but ſmall, a ſmall 
ded addition to the power will cauſe it to deſcend, and 
P is raiſe the weight: but the weight will riſe 
by with only an eight part of the velocity wherewith 
G, the power deſcends, and conſequently, through 


no more than an eighth part of an equal ſpace in 
the ſame time. If the heel be pulled round by 


proportion to their length. ARM MP this 1 
3 „ e  , £5 


is to the circumference of the wheel. Let A B Fig. 7. 


che handles 8, 8, the power will be increaſed in 


* | 
885 7· any weight may be raiſed as tl as the operator 
pleaſes. 


turned by means of a winch 6 inches 1 half long, 
fix d on the axle of a trundle of eight ſtaves or 


AN INTRODUCTION TO/ 


To this ſort of engine belong all cranes for 


raiſing great weights; and in this caſe, the wheel 
may have cogs all round pp inſtead of handles, 


and a ſmall lanthorn or trundle may be made to 
work in the cogs, and be turned by a pinch z which 


will make the power of the engine to exceed the 
power of the man who works it, as much as the 
number of revolutions of the winch exceeds 
thoſe of the axle D, when multiplied by the 
exceſs of the length of the winch above the length 


of the ſemidiameter of the axle, added to the 
ſemidiameter or half thickneſs of the rope K, by 


which the weight is drawn up. Thus, ſuppoſe 


and axle taken 


the diameter of the 


together to be 13 inches, and conſequentiy half 


their diameters to be 6 inches 1-half; ſo that the 
weight W will hang at 6 inches 1-half perpendi- 
cular diſtance from below the center of the axle. 
Now, let us ſuppoſe the wheel A B which is 
fixed on the axle, to have 80 cogs, and to be 


rounds, working in the cogs of the wheel. 


Here it is. plain, that the winch and trundle 


would make 10 revolutions for one of the wheel 
A B, and its axis D, on which the rope K winds 
in calling the weight W; and the winch being 


no longer than the ſum of the ſemidiame- 


ters of the great axle and rope, the trundle 
could have no more power on the wheel, than a 


man could have by pulling it round by the edge, 


becauſe 


Nee 


We „ ee wit. ao. ach 
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beeguſe the winch. would have no greater velocity 4 8 
than the edge of the wheel has, which, we here 
ſuppoſe to be, ten times as great as the velocity of 
the riſing weight ; ſo that, in this caſe, the power 

gained would be as 10 to 1. But if the length 
of the winch he 13 inches, the power. gained 
will be as 20 to 1: * 19, inches 1-half (which is 
lang enough for. any man to work by) the power 

gained would be as 30 to 1; that i is, a man could 

raiſe 30 times as much by ſuch an engine, as he 

could do by his natural ſtrength without it, becauſe 

the velocity of the handle of the winch would he 

30 times as great 1 the Wen of the riſing 

Weight... 5 3 


The abſolute force of any engine being in 
proportion of the velocity of the power to the 
| yelocity of the weight raiſed by it. But then, | 
Juſt as much power or advantage as is gained by 
the engine, ſq mien time is loſt in yorking | it. 


In theſe go of mnckines | it is requiſite to have 
a ratchet wheel on the end of the axle C, with a 
catch to fall into its teeth, which will at any time 
ſupport the weight, and keep it from deſcending, | 
if the perſon who turns the handle ſhould; 
through inadverteney or careleſſneſs quit his hold 
while the weight i is raiſing. Thus by this means, 
the danger is prevented, which might otherwiſe 
happen by the FR: down We the W when 


left at liberty. 


T. he third mechanical power or engine; con- The 


fits eicher of o one moveable pulley, or a ſyſtem 50 K 
es B 2 | | of bis. 


— 


20 
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or pullies; ſome in a block or caſe which 5s 


fixed, and others in a block Which is moveable, 


and rifes with tlie weight. For though 4 Hugle 
pulley that only turns oh its axis, ard moves fiot 
- out of its place, may ferye to change the Girec- 
tion of the power, yet it en give no mechanichl 
advantage thereto; but is 


only as the beam bf a 
balance, whoſe arms are of equal length And 


weight. Thus, A is a ſingle pulley, and if it up- 


port the equal weights b and W, the cord B B 


to which they are appended, is equally ſtretched 
throughout, and the pulley A ſuſtains both tlie 


weights, or is drawn with a force equal to twice 
1 properly, | but another form 'of the 


Fig. 9 
C, connected by three diſtinct cords, each faſten 


. ESI „ 


. : 4 1 "4 
* . - # 3 % ” _ N 4 


q A citiblaaticn! of 3 möpeable pullies A, B 12 


at one end to an immoyeable block above. The 
power of the whole is diſcovered by fur ppoſing 


two ſuch 0 P and W 1 as will 


« » wA# wud * 


0 1 de what bete each ſe 0 e fultains. 


Thus, if P be one pound, the cord which ſuſtains 


it, acts at its other end upon the fixed block above, 


and is conſequently reacted upon by the block 


"with a force equal to one pound, and the 


pulley A, as in fig. 8, is drawn wich a TY 5 


to two pounds. 


By tracing the ſecond cord in the fame n manner, 


it will appear that the pulley B is drawn with 


twice the force of A, or 4 e And C is 


2 . drawn | 


[ 
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a 


pn 


r 
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drawn with twice che force of B, or 8 pounds. 
So that the purchaſe gf this machine is n 6 
chat che N pa mY times the power F. | 
Dr 
The egi r dle weight” to Ant er the © 
power; is a ſimilar way of arguing. Thus, if P 
deſcend 8 inches, A will aſcend 4; B, 2; and 
Cor Wi inch; ſo that the velocities are recipro- 
cally as the 2 and weight as in the lever, 


't: 


Abele combination of pullies, wheredf y Fig. 10. 
wo, A and B, run in the fixed block X. And 

two 6thers, C and D, in a moveable block, which 

raiſe the weight W. by pulling the cord at P, 
which goes uucecmveh over the pullies A, D, B, 
„and is faſtened to the fixed block at S. The 


=) purchaſe of this machine is knoh by, cunſideting 
E that the cord is equally ſtretched throughobt, 
he by putting two ſuch weights P and W, "as will 
ng ms pew each other. For P is ſuſtained by 


n- dne ie ga, will = er abe, 1 , 
18. e 
ns The Lelvelty of tlie Power to that f the 


weight as four to one. For i W deſcend four 
nches, the parts of the cord at k will aſcend | 
owards . bor inches, and all the other parts of 
ie cord, from the pultey C, will equally follow 
ach other, and C or W will aſcend one inch 
owards s ; ot the four parts of the 9, o, s, 
„ K, will each be ſhortened one inch. 


1. 


D nn; a. Sn n 


combin ation 
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combination of pullies be determined. And it will 
always happen, that the momenta of the weight 
and power will be equal, as in the other mecha- 
nical powers. That is, if any power will raiſe 
one pound, with a certain velocity, it will raiſe 
two pounds with half that velocity, or one hun- 
dred goes Ms one Ide et of t * 
city, r 


But as a a ſyſtem of OR * no great weaht, 
and lies in a {mall compaſs, it is eaſily carried 
bout; and can be applied, in a great many caſes, 
WW: raiſing weights, where gther engines cannot. 
But they have 2 great deal af friction on three 
accounts: 1. Becauſe the diameters, of their axis 
bear a very conſiderable Proportion to their Own 
diameters: 2. Becauſe in working they are apt to 
'rub againſt one another, or _ againſt the ſides of 
the blocks: 3. Becauſe of the ſtiffneſs of the 
ropes that es over and under chem. 5 


Thi . The fourth. mechanical power is the ba 
clined plane, and the advantage gained by it, is as 
Plane. great as its length exceeds its perpendicular 
height. Let A B be a plane parallel to the ho- 

rizon, and C D a plane inclined to it, and ſup- 

poſe the whole length C D to be three times as 
Fig. 11, great as the perpendicular height Gf F; in this 
caſe the cylinder E. will be f ported upon the 
plane CD, and kept from ro 8 0 down upon it 

by a power equal to a third part 2 the welght of 

"the cylinder. Therefore, a weight may be rolled 

up this inclined plane with a third part of the 
PORE which would be Tulficzent to draw ei it e 1 
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the ſide of an upright wall. If the plane was 
four times as long as high, a fourth part of the 
power would be ſufficient; and ſo on in propor- 
tion. Or if a weight was to be raiſed from the: 
floor A B, by means of the machine ABC D. 
(which would then act as a half wedge, and 
where the reſiſtance gives way only to one ſide) - 
the inclined plane and weight would be in equili- 
brio when the power applied at G F was to the 
weight to be raiſed, as G F to G B; and if the 
power be increaſed; ſo as to overcome the fric- 
tion of the machine (or half wedge) againſt the 
floor and weight, the machine will be driven and 
the weight raiſed: and when the machine has 
moved its whole length upon the floor, the weight 
will be raiſed to the en height rom G to F. 


The force Alben i a rolling body deſtends = 
upon an inclined plane, is to the force of its ab- 
ſolute gravity, by which it would deſcend perpen- 
dicularly in a free ſpace, as the height of the plane 
is to its length. For, ſuppoſe the plane A B to be pig. 12. 
parallel to the horizon, the cylinder will keep at 
reſt upon any part of the plane where it is laid. 
If the plane be ſo elevated, that its perpendicu- y. 8.13. 
lar height from D is equal to half its length AB, 
the cylinder C will roll down upon the plane with 
force equal to half its weight, for it would 
require a power (acting in the direction of A B) 
qual to half its weight to. keep it from rolling. 
f the plane D B be elevated, ſo as to be perpen- Fig. 14. 
dicular to the horizon, the cylinder. C would de- 
ſcend with its whote force of gravity, becauſe the 
plane ei nothing to, its Lie 5 das or hind- 

" 7. + Tanice 
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rance; and therefore it would - require a power 
equal to its whole weight to keep it from de- 
ſcending. To the inclined plane may be reduced 

all hatchets, chiſels, and other edge ee which 

are chamfered ee 1 ge. | 


The The fifth mechanical 1 or rs is the 
wedge. „edge which may be conſidered as two equally 
Pig: 15. inclined planes D E F, and C E F joined together 
at the baſes e EF O: then D C is the whole thick- 
. neſs of the wedge at its back A B C D, where the 
power is applied: E F is the depth or height of 
the wedge: D F the length of one of its fides, 
equal to C F the length of the other ſide ; and O 
F is its ſharp edge, which is entered into the waod 
intended to be ſplit hy the force of a hammer or 
Fig, 16. mallet ſtriking perpendicular on its back. Thus, 
AB is a wedge driven 1 into the cleft C ED of the 

wood F G. W 


| 
1 
| 
0 
] 
t 
t 
} 
v 
* 
If 
fi 


When the wood does not cleave at any diſtance 
before the wedge, there will be an equilibrium be- 
tween the power impelling the wedge downward, 
and the reſiſtance of the wood acting againſt the 
two ſides of the wedge, when the power is to the 
refiſtance, as half the thickneſs of the wedge at its 
back is to the length of either of its ſides: becauſe 
the reſiſtance then acts perpendicular to the ſides 

| of the wedge. But, when the reſiſtance; on each 
70 fide acts parallel to the back, the power that ba- 
lances the reſiſtances on both ſides will be as the 
length of the whole back of the E is to dou- 
ble its perpendicular 2155 = 


1 When 


£ 
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When the wood cleaves at any diſtance before 
the wedge (as it generally does) the power im- 

pelling the wedge will nat be to the reſiſtance of 

the wood, as the length of the back of the wedge 

is to the length of both its ſides hut as half the 

length of the back is to the length of either ſide 

of the cleft, eſtimated from the top or acting 

part of the wedge, For if we ſuppoſe the wedge - 

to be lengthened from the top down to the bot- 

tom of the cleft at E, the ſame proportion will 

holds, namely, that the power will he to the re- 
ſiſtance, as half the length of the back of the 
wedge is to the length of either of its ſides: or 

which amounts to the ſame thing as the whole 
length of the back is to the length of both the 


The wedge is a very great mechanical power, | 
ſince not only wood, but even rocks can be ſplit by _ 
it; which would be impoſſible to effect by the 5 
lever, wheel, and axle, or pulley: for the force 
of the blow, or ſtroke, ſhakes the echering 
parts, and thereby make them ſeparate the more 
eaſily. eee r ue e At e l 
Ft tl 


The fixth and laſt mechanical power is the The 
ſcrew, which cannot properly be called a ſimple ferew. * 
machine, becauſe it is never uſed. without the 
application of à lever or winch to aſſiſt in 
turning it: and them it becomes a compound 
ngine of a very great force, either in preſſing 
great weights. It may be conceived to be made Fig. 17. 


1 


by cutting apiece of Papers AB C, into the form of 


26 


Tig. 18. an inclified plane or half wedge; and then wrap- 
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ping it round a cylinder; and here it is evident, 


that the wineh muſt turn the cylinder oe found, 


| before the weight of refiſtatice P can be moved 


from one ſpiral winding to another, as from d to 
© : therefore, as much as the eiroumſerence of a 
circle deſcribed by the handle of the winch is 
greater than the interval or diſtance between the 
2 ſo much is the force of the ſerew. Thtis, 
uppoſing the diſtance of the ſpirals to be half an 
inch, and the length of the winch to be twelve 
inches, the circle deſcribed by the handle of the 


_ winch, where the power acts will be 76 inches 


whoſe intenſity is equal to no more than a ſingle 


nearly, or about 152 half inches; and conſe- 
quently 152 times as great as the diſtance between 
the ſpirals: and therefore a power at the handle, 


pound, will balance 152 pounds acting againſt 


the ſcrew; and as much additional force, as is 


fufficient to overcome the friction, will raiſe the 
1,2 pounds; and the velocity of the power will 


de to the velocity of the weight as 152 to one. 


Hence it appears, that the longer the winch is, 


Fig. 19. 
ſuppoſe to be 48 in number. It is plain, that 


de moved one tooth by the ferew; and ti 


and the nearer the ſpirals are to one another, 
fo much the greater is the force of the ſcrew. 


| A machine for ſliewing the force or power of the 


ſcrew may be contrived in the following manner: 


Let the wheel C have a ſcrew, à b, on its axis, 
working in the teeth of the wheel D, which 


for every time the wheel C, and ſcrew a b, are 
turned round by the winch A, the wheel D, will 


- 
4 


vw .es erer -» wah we owe as 
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in 48 revolutions. of the winch, the wheel P will 

be turned once round. Then, if the circum- 
ference of a cirele deſeribed by the handle of 4 
winch A, be equal to the circumference. of 
groove e, round the wheel D, the velocity of . 
handle will be 48 times as great as the velocity of 
any given point in the groove. Conſequently, if 
a line G, goes round the groove e, and has a weight 

of 48 pounds Au to it below che pedeſtal E F, 
a power equal to 1 pound at the handle will 
balance and ſupport the weight. To prove this Experi- 
by experiment, let the circumferences of the ment. 
grooves of the wheels C and D be equal to one « 
another; and then, if a weight H, of one pound, 

be ſuſpended by a line going round the groove of 

the wheel C, it will balance a weight of 48 
pounds hanging by the line G, and a ſmall 
addition to the weight H will cauſe it to GREG, 

and fo raiſe up the other weight, 


If the line G, inſtead of going round the groove 
e, of the wheel D, goes round its axle IT; the 
power of the machine will be as much increaſed 
as the circumference of the groove e exceeds the 
circumference of the axle: which, ſuppoſing it to be 
ſix times, then 1 pound at H will balance 6 times 
48, or 288 pounds hung to the line on the axle: 
and hence, the power or adyantage of this ma- 
_ chine will be as 288 to 1. That is to fay, a man, 
Who by his natural ſtrength could lift an hundred 
veight, will be able to raiſe 288 hundred by this 
engine. If a ſyftam of pullies be applied to the 
cord H, the power would be increaſed to an 
MMAZINS exceſs, but. it would be here as in all. 
Eo - ty 7 ; ; 
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other mechanical caſes; for the time loſt is 
always as much as the power gained, becauſe the 
velocity with which the power moves, will ever 
exceed the velocity with which the weight riſes, as 
much as the intenſity of the weight Exceeds the 
intenſity of the power. | 5 

The friction of the ferew itſelf is very Conf. 


derable; and there are few compound engines, 
but what, upon account of the friction of the 


parts againſt one another, will require a third 
part more of power to work them when loaded, 
than what is ſufficient to conſtitute a balance 


between the 8 and che EN ay” 


"ELECTRICITY, 
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* HE earth, and all the bodies chat we are ac- 
quainted with, without exception, are ſup- 
noſed to contain a certain quantity of an exceed- 
gly elaſtic and fubtle fluid, which philoſophers 
ave agreed to term electric. T his certain quan- 
ity belonging to all bodies, may be called their 
atural ſhare; and ſo long as each body contains 
Nun! more nor leſs than this quantity, it ſeems 
| MF wholly _— and produces no ſenſible 


ON | 


þ 


125 


˖ N 30 


effect: but the moment that the equilibrium is 


to be electrified, and is capable of exhibiting ap- 


which” admit the electric Avi to paſs through 
them with "the greateſt eaſe, . 15 | 


 Ehircaal a. We ce 
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diſturbed, and any body- becomes poſſeſſed of 
more or leſs than its natural quantity, very re- 
markable effects ariſe from it. The body is ſaid 


pearances, which are aſcribed tothe power of elec, 


tricity. 


This equilibrium could never be diſturbed, 


£ or, if itiwas diſturbed, would be immediktely re- 
ſtored, and therefore be inſenſible ; but that ſome 


bodies do not admit the paſſage of this electric 
fluid-through their pores, or along their ſurfaces, 
though others, do. By this means, whenever any 
body has acquired an additional quantity of elec- 


tric, matter, and: is every where furraynded, with 


bodies through which 4 17 cannot paſs, it muſt re- 
main overloaded; or, f 


it have loſt part of what 
naturally belonged to it, it muſt remain exhauſt- 
ed; becauſe the ſurrounding bodies Prevent any 
of the fluid from going to it, or coming out of it; 
and the body is then faid to be inſulated. Thoſe 
bodies, through which the electric fluid can paſs, 
are called conductors; * and thoſe through which 


it cannot paſs, are called non-conductors of 


x, electricity; and into theſe, two. kinds WL PPY 
whatever are claſſed by eleckricians. % 


Eid 


4 
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The beſt” condudtors of Kaectricity, gr Sh 


kinds.” Water 18 a pretty od 
animal fluids conduct better than Mer, (90 
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Other ſubſtances, "a Heck ve egetables, Kc. Ae 
conductors, chiefly by reaſon 5 the moiſture they 
ontain; hüt ſtones, And earths of various kinds, 
are eonductors in an f degree, | inde- 
8 ndent of moiktore. e 1 


Sen 


The moſt perfe&t of che e en-cöndögking elif of: 


bodies are glaſs, geriis, roſin, ſcaling wax, ſulphur, 
dees wax, baked wood, and dried animal ſußſtaäners, 


among ſolids; and oils and air among fluids. But 
l the ſubſtances become conductörs when they are 
ade very hot. They ate alfo calfell elefrics; and 

he enen ſubſtances are called non electries. 4 


The method of diſturbing ths: equilibriatis of 
he electric fluid in bodies, of of making it pill | 
om one to another, is chiefly friction; or lige 
bbing of them one againſt another. In this caſe, 
he electric fluid will, in general, leave that fub- 
ance Which has the Tougher ſurface, and paſs up- 
the other which is fmoother; or it will leave 
at ſubſtance which is the leſs perfect electric, and 
aſs upon the other which is the more perfect elec- 
ic of the two. Thus, if 1 take a fmooth glifs 
be (ſuch as is reptefented), and draw it througHh pute Il. 
y hand; the effect of that friction i 1s, that the Fig. 1. 
ectric matter leaves my · hand, and paſſes upon 
ze glaſs, where it will remain, as an addition to 
natural quantity. For as neither the glaſs, nor 
de air which furrounds it, are conductors of elec- 
city, this-redundancy of the electric matter can- 
dt poſſibly get away; but if my finger, a piece of 
etal, or any conducting ſubſtatice, be preſented, 
any part of the glaſs, thus overloaded with the 
electric 


—— 


1 


Fr 
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 dleric fluid, it will paſs immediately from that 
part into them; and if they be preſented to every 
part of the tube ſucceſſively, the whole. of this 
redundant electricity will be diſcharged, and 
every ching will become juſt as it was before the 


operation. The glaſs, in this caſe, is ſaid to be 


excited; ; becauſe the friction ſeems to excite, or 
call up the electric power, which it had char way 
but which lay dormant i in. 8 


| ki like manner, when the globe is whirled i in 
the electrical machine, the friction of the glaſs 


Aan the rubber, makes the electric fluid, which 


was in the rubber, paſs upon the glaſs; from 
vrhence it is conveyed to the prime conductor, 
the points of which. are repreſented to every part 
of the globe in ſucceſſion. And, as the friction 
is continued, there will, by this means, be a con- 
ſtant ſupply of the electric matter to the prime 


conductor, though other bodies be preſentec to it, 


and keep diſcharging it all the while, in viſible 
ſparks. The hand, in the former of theſe caſes, 


and the rubber, in the latter, which had parted 
with their ſhare. of the electric fluid to the glaſs, 


- againſt which they were rubbed, receive an im- 
mediate. ſupply from the conducting ſubſtances 


5 in contact with them; and theſe are, again, ſup- 


plied by the en maſs of the fluid that is 9 8 
in the eartn. 


4 
1 


- On the contrary, if I draw We my Band 4 
Rick of ſealing wax, a piece of ſulphur, or a 


tube of rough glaſs, the effect of the friction is, 
that a ere of electrit matter naturally belong- 
"<7 2g 
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ing to the ſulp hur, &c, paſſes from it to my hand "4 
ind the fulphur being furrounded by the air, which 
is a non- conductor, remains exhauſted, and is ready 
to take, ſparks of electric fire from any bodies 
that are preſemed to it. But it is impoſſible to 9 
diſtinguiſh by the eye; which way the electric 
matter paſſes; its velocity is ſo extremely great. | N 
The ſulphur, in this caſe, though deprived of its 
ſhare of electricity, is ſaid to be excited as well as 
the glaſs which was overloaded with it; becauſe, | 
though the ſtates they are in be the reverſe of one 
another, the effects produced by them are, in many | 
reſpecta, ſimilar. The n which lead us + 
to 5 We; 2 be mentioned bere- 1 


SECT. U. 


0 ak cefrica dttradion and er un. 


Tune gert e of the Jy uid, and 
thoſe on which all the phenomena of elec- 
tricity depend, are, that it is, in a much higher 
degree than air, elaſtic, and repulſive of itſelf 3 
| that tivo bodies, having both of them either n more 
or leſs than their natural ſhare of i it; repel. one 
another: * but Wa if one of them have more, and 
F the 
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the other lefs than its a hare, 1 a one 
another. | 


34 


Thus, if 1 hang a Sette of Tek er Rathen 
upon the prime conductor, the moment I electrif/ 
them, by turning che wheel of the machine, they 
begin to fly from one another; ſo that ſome of 
theta will ſtand quite ered, in a beautiful manner, 
and they cannot be made to ebflapſe, arid be 
t into contact with one onœther, till I diſ- 
charge the conductor, by taking à fpark from it 
with a piece of metal, or Tome other *condiiffing 
fubſtance. A large phumy feather, alſo gros 
beautifully turgid when it is eleQrified;; expanding 
its fibres in all directions; and they collapſe when. 
the electricity is taken oft. | 


If I hold i inn hand a bundle of nk takes, 
or feathers, and preſent them to the electrified 
conductor, the cb fluid, with which the con- 
ductor is overloaded, repels the electric fluid from 


| thoſe parts of the threads, &c. which are next to 
it, into the more diſtant parts of thoſe bodies, or 


into my hand, and ſo into the ground; the conſe- 
quence of which is, that the threads, having leſs 
than their natural ſhare, do ſtrongly repel and 
avoid one another; and, at the ſame time, are 
all ſtrongly attracted : by the conductor, Which is 
in an oppoſite ſtate. If the conductor had been 
deprived of its natural ſhare of electricity, the ho- 
dies preſented to them would have had more. than 
| Their natural ſhare ; To that, fill, the Tame ay 

ance of mutual repulſion, and of attraction n by the 
ache, would have taken "pl ace; and, univer- 
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one cally, all bodies that are brought within the influ- 
ence of electrifſed bodies, whether they are ſo by _ 
having more or leſs than their natural ſhare of the 


electric fluid, become poſſeſſed of a contrary elec- 


TIP the tphere of their inflyency. 


Electrical attraction and repulſi on are exhibited 
in 2. very pleaſing manner, by means of a glak 


feather, when brought near it, will be attracted, 
and jump. to the tube; then, after taking ſome 
time to get fully ſaturated with electric matter, 


but very ſlowly) it will ſuddenly jump from it, 


it may diſcharge the redundant electricity it has 
acquired. If no other body happen to be in the 
way, it will tend towards the ground z but if the 
elerified tube be held under it, it will ſtill be 
repelled, and driven into the middle of the room, 
where it may be kept ſuſpended, or he driven about 


f N 


tricity. For the ſame reaſon, excited electries of 
every kind attract all light badies which are brought 


(becauſe, being a bad conductor, it can receive it 


and fly towards the next conductor, upon which 


| VVV | 


r . 


tube and a feather. When the tube is excited, by Experi- 
being drawn through the hand, or a rubber, the ment. 


and repulſion are ſhewn at the prime conductor 
5 belonging to the machine. Suſpend à plate of Fig. 3 
'A metal from the conductor, which is ſupported by 


two pillars of glaſs, and muſt be ſuppoſed 
WR 


to. 
be ſupplied with electricity from the globe, and 


to be attracted and repelled again, Thus will the 


| poſition is, that the outermoſt bells,-which hang 


_ eledtrified, ' and attract tlie brafs balls wWhieh hang 
in ſilk; and the attraction being vigorous, they 
are made to ſtrike the bells with ſome force, 
and make them ring. Being then loaded with 
electricity, they are immediately repelled from 
theſe outermoſt bells, and fly to unload them- 
5 ſelves, by ſtriking W the middle bell, which 


"begins to turn, the feather or the pa r, will be at- 
tracted, and jump to the upper plate F; from whence 


alternately, and with inconceiyeablę rapidity, if the 


is extremely amulin ng. 
it be accompanied with that of the electrical bells, 
. which depends upon the ſame principle. Four 


ed with the prime conductor, anl another bell, e, 
fixed on the braſs pedeſtal A, reaching to the 


— 
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four inches, put another n of the ſame fie; 
Upon the lower of theſe plates lay a feather, or a 
ſmall flip « of light. paper; and, as ſoon as the wheel 


it will be immediately repelled, and fly to diſcharge 
itſelf upon the lower plate P, which: is ſupported 
on the pedeſtal H G ; after which it will be ready 


feather, or paper, fly from the one plate to the other 
electrification be pretty vigorous. When the 


ieces of paper are cut into the figures of men 
and women, they exhibit a kind of dance, which 


This expetinitad will be the more e diverdngs if 


bells, a, b, c, d, hang from braſs rods, communicat- 


ground; and four fmall braſs balls, ſuſpended by 
ſilken threads, hangs between a, b, c, d, and the bell 
e in the middle, The conſequence of this diſ- 


from the prime conductor by braſs chains, are 


SY 


8 FP AcCc As wu 


A 9 = &t 


wry 4 24 


— 
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4s inſulated by the glaſs p illar B, upon the pe- 


paſſes to the floor, by means of the braſs pe- 


called clappers to the bells, are then ready to 
be attracted by the outermoſt bells, as at firſt; 
and thus the ringing may be continued as long as 
it js agreeable. The amuſement will be heighten- 
ed, if the operator now and then touch the jane. 
conductor with a brafs rod, or with his 

for then the dancing and ringing will ceaſe, and 
will not be renewed till the finger or rod be re- 


finger, or the rod, with a little art, the figures 
will ſeem to dance, and the bells to N at oF 
wry of command. 


SECT m. 


da a+ a» 
. 
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11 EN 1 — 4 a piece of 3 or any 
other good conducting ſubſtance, to the 
overloaded: prime conductor, the electric matter 
will paſs with violence from the onę to the other; 
an electric ſpark, with the appęarance of fire, will 
be ſeen darting between them, and a report, which 
Is uſually compared to a ſnapping, noiſe, will be 
If che piece of metal that is org 5 


deſtal A; and from which: the electric matter 
deſtal A. The braſs balls, which may now be 


moved. If he conceal this application of his 


Fig. 7+ 


vided between them, in 
and either of them will e 
another hady e een then: 
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the prime conductor, be inſulated, fo that it ean- 


not immediately loſe. what it receives, it will take 
only part of the charge from the prime conductor 
(the whole of the redundant ciectricity being di- 
to their ſurfaces) 


When any perſon ftands upon the ſtool, with feet 
made of glaſs, or baked wood (ſuch as is repre- 
ſented), and takes in his hand a chain faſtened to 
the prime conductor; being then inſulated, .he 
may be conſidered as part of the prime conductor; 
and any part of his body will exhibit all the. ſame 

which the prime conductor itſelf will 


do. Thus, if the finger of any perſon ſtanding 


upon the floor be preſented to him, a ſpark of fire 
will ſeem to iſſue from him, and both he and the 
perſon that receives it will feel a painful ſenſation, 
like a pricking; and the ſame ſnapping noiſe above- 

mentioned will be heard. Every part of his body 


will then attract light ſubſtances; and the bits of 


feathers, or the human figures above-mentioned, 
cut in paper, and laid upon à plate, will perform 
the ſame dances that were mentioned before, if 
the palm of his hand be nded over them. 
Alſo, the hairs of his head, or of his wig, if they 


happen to be looſe, will repel one another, and 


many of them will ſtand upright, as it is' ſaid 
they will do when-a/perſon is greatly frighted. As 
thefe electric ſparks, which are attended with a 
ſenſation moderately painful, will be excited 
Wore he is touched, or wherever he touches 


any other Fre this ws ape, often 1 


7 


rr r e e 


2 
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very 
taken, chat no ſparks be drawn from the eyes, or 
any part chat is peculiarly 
produce a inflamimation, which” may have bad 
conſequendes. I either of che perſous be con- 
cerned in this experiment hold a braſs rod in his 


hand (ſuch as repreſented), and give or receive A 4+ 


the electric ſparks upon the knob of it, he will 
feel nothing of it if he holds it by the glaſs han- 
dle H; while: the perſon Rees Ag rer rc 
eee W eint. 65 11 5 


.of fire, but is capable of actually ſetting fire 0 
various ſubſtances, that are eaſily inflamed; but 


pid motion into which the parts of the ſubſtances 
are thrown, | by the action of the electric matter 
upon them. Thus, if ſpirits af wine, à little 
warm, be held in a ſpoon; and an electric ſparł 
be drawn from the ſpoon, ſo as to paſs through 
any part of the ſpirits, they will catch fire, and 
burn as if they had been lighted by a candle. 
The ſpoon, in which the ſpirits are contained, may. 


either be connected with the prime conductor, and 
the ſpark drawn thraugh them by a perſon ſtand- 


ing an tlie floor; or the ſpoon may be held by a 
perſon ſtanding on the floor, and the ſpark be 


drawn through them by a braſs rod, either con- 


nected immediately with the prime conductor, 


or held in the; hand of , a, perſon | ſtanding | on 
the ſtoel, in the manner mentioned above, If 
a candle be blown out, and an electric ſpark be 
e drawn * the fmoke, it will 


often 


render; becauſe it may 


The electric . 8 


the inflammation is probably . produced, by the ra- 


39 


dverkon. Care, however thould Tp». bs 


/ 


hearing, affected by electricity, in the manner 
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often be lighted again; but it requires a pretty 
ſtrong ſpark, and ſome. degree of dexterity and 
experience in the operator, to produce this effect 
with certainty. It will be more amuſing, and the 
effect will be as certain, if the ſpark be drawn 
chrough the ſpirits by the end of a POIs $ finger 
or even N piece of i ice Sond ON. 


Not noly' a are che ſenſes of Ens 4 * 


deſcribed above, but it is even ſenſible to the 
ſmell, and the taſte. If a pointed braſs rod be 
electriſied, either by being fftened. to tlie prime 
conductor, or held in the hand 6f a "perſon 
electriſied, and another perſon ſtanding upon the 
floor, preſent his noſtrils within an inch or two 
of the point, he will feel a ſtrong and e 
able ſmell, like that of burning ſulphur 3 und 
if he receive the electric effluvia iſſuing from the 
point upon his tongue, he will N * _ 
which i is manifeſtly. _ | 


þ The mackide aeſcribed ! in this- 8 was the 
invention of my ingenious friend, the Rev. Mr. 
Timothy Prieſtley, of Mancheſter, who has alſo 
favoured me with a great many ether el 
| which 1 have gun nn! in chis 2 


| This nicks is the ala coils of any 1 
have yet ſeen, for it may be fixed firm on 2 
table, and be taken off in a moment, and the 
globe may be taken out with the greateſt eile, in 
roar. Lagar rim. Ke. . 


Ty 


"Thi 
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The conſtruRion,is by far the moſt Gmpte ; and The de- 

it is not liable to be bur of order ſoon, having on r 

no Wheel, or ſtring, either to make any noiſe or che elec- 

need alteration: (the globes are prepared by a me- — 4 
thod peculiat to himſelf), and a globe of 12 inches chine. 

diameter will - give more fire den any e Eig. 2. 

have ſeen of tas the le. 5 


The foringS.char is repreſented, ba the SES 13 
for thoſe that care not for having the rubber inſu- 
lated, but thoſe that are more curious. may have 
them made with the rubber well inſulated, by a 
firm glaſs pillar fixed in the board A, that willbold 
the rubber to the back part of the globe; 


'A globe projecting — and being ſupported 5 
only by one pillar, is not ſo liable to have the fire 
carried away as a cylinder, or globe) that is 
worked between two R 


Als: a Pibber bega, 9 Nele ſquare, i and "vt | 
inch 1 dans? thick, in which a a pedeſtal Bis fixed; con- 
C is an iron axle eo which is fixed a-braſs.cap, and rudi- 


to which the gl lobe Gis firmly cemented, and runs 4. | 


in a braſs focket E, Urdu the middle of the trical 
N ind turned by che handle H. 4 7 — 
a R is the tubber which is made of a a piece of 
wood cut to the curve of the globe, to which is 
fixed 4 leather covering, which being at a little 
diſtance ſtom the yood in the middle; it will 
yield. to the preſſure of the globe | the bettet. | 


On this teacher is another leather, anch will 72 5 
G take 
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tale off by taking out à pin; on this the amalgam 
s rubbed; and veing fo eaily raken off is more 
readily brought into order chan theſewhich have 
_ only one leathery; and that fixed to the rubber. 
To this outermoſt leather, is fixed a piece of black 
filk, which reaches: half round the globe; and 
greatly increaſes the fire, ſo that it will give ſire 
well, if the rubber ſcarce touch the globe ; on, 
— "ll 1215 170 une of a: SHONE. 


| 5 * co 

GAL — lig eich ce 

? e ood Df, N * SIP tri. 

6 e 9 Wenn 210 be 

| _ | he: 

8 the 

| HE more acutely pointed any bodies are, the 

the more eaſily do they take or part with ans 

the electric matter. Thus, if a needle, or ſharp. wil 

| pointed wire, be faſtened to 6 prime conductor, wil 
it will retain but a ſmall degree of electricity, and 

conſequently, will give- but 2 ſmall ſpark, when - 

the finger, or a piece of metal, is preſented to it. * 

Alſo, if the needle, or ſharp pointed wire, be held af 

in the hand of à perſon ſtanding upon the floor, ** 

and preſented to the conductor, it will, likewiſe, the 

be found to retain but a {mall degree of ele&triciry. Mil + 

In the former of theſe caſes, While the needle was cen 


in contact with the prime conductor, the electric 
matter. went off at the point, and was e 


9 


USEFUL KNOWLEDGE. 
the air, or among the conducting particles which 


are always floating in the common atmoſphere.. In 


the latter caſe, the-needle, being preſented towards 
the conductor, received Wc matter W it 
at a conſiderable diſtance. 


If theſe experiments be made n e a flame | 
will be ſeen at the point of the needle or wire; but 
the appearances of the fire will not be the ſame in 
both caſes, but conſiderably different; fo that it 
may always-be perceived by the eye, whether, AC- 
cording to the common theory, the point be re- 
coming or giving out the electric matter. 


If the ſharp pojnted-wiire be giving. out the elec- 
tric matter, the flame will be large; the parts of 
which it conſiſts will be fewer; and, if the point 
be not yery acute, a kind of ſnapping noiſe will be 
heard as the electric matter is iſſuing out of it into 
the air: whereas, if the pointed wire be receiving 


the electric matter, the flame will be much ſmaller, 


and more globular; the parts of which it conſiſts 
will be more in number, 89d the ous that is made 
Wann | 


Theſe enn are Gitinguibes by different 
names in moſt foreign languages; and ſometimes, 


in Engliſh, the flame iſſuing from a body, on ac- 
count of its oblong form, 1 is called a pencil; and 
the latter, becauſe it js more round, and the rays 
of which it conſiſts project more equal from the 
center, is called a ſtar. 


The aan why pointed bodies tranſmit Se elec- 
G 2 tric 


3 
8 


43 


and become ſenſibly charged with electricity; juſt 


= 


b 6. 


ſoon as the wheel of the machine is turned, and 
this apparatus eleQrified, a flame will appear at 
the extremity of every angle of the ſtar, which 
will be very beautiful; and 5 the ſtar be made to 


tric fluid with ſo much eaſe, has not yet been 10 


thing. For if a long rod, or pole, with 2 12 70 


may be drawn from it, and it will exhibit every 
other appearance of common electricity; as, on 
the other hand, by common electricity, we can 


be very ſurpriſing to perſons unacquainted with 
| electricity, if the operator, now and then privately 
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roughly explained, but the effects of it art exceed - 
ingly remarkable. The rapital ue chat has been 
made of this obfervation, has been, to druw the 
electric matter from the clouds, and thefeby to 
prove, that lightening and E are the ſame 


pointed wire at one end of it, be ſupported b 
electric ſubſtances, the point, projectin wh 
the clouds, will draw the electric matter 1them, 


as it would have been from being connected with 
the prime conductor of an electrical machine. It 
will attract light bodies, ſparks of electrie matter 


produce, in miniature, all the known effects of 
lightening, TR Fe | 


Several amuſing experimerits RAY on rey 
property of pointed bodies, to tranſmit the elec- 
tric fluid. If a plate of tin be cut into the formof a 
ſtar, and be. ſupported on its center D-by a wire 
projecting from the prime conductor A B; as 


turn fwiftly on its center, an entire circle of fire 
will be ſeen in the dark. This experiment will 


- fouch the prime n which may 2 oe 
manaz 


e 
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managed, as it is performed in the dark; for, by 
this means, he.may., command..the appearing or 
ns ol jive ire, of. fs at 
pleafune 8 MT e abet N. 


If two ſharp pointed wires be bone, 3 the 
four ends at right angles, in the ſame plane, but 
pointing different ways, and be made to turn upon 
2 center · D; the moment it is electrified, a flame 
will be ſeep at the points a b d but what is moſt 
ſurpriſing in the experiment is, that the wire will, 
at the ſame time, begin to turn round, in the direc- 
tion oppoſite to that to which the points are turned, 
as if ſome viſible. power ated upon the points 
and puſhed againſt, them; and, if the electrifica- = 
tion be heaps hi be madd wh ata wr 5194 
dame mg pid 175771 u. e 
I the figures 7 0 cut in paper, be faſtened Ned. 
upon theſe wires, and they be ſo contrived, that _—_ 
the points ſhall be in their tails, the experiment | 
will be very beautiful; the horſes will ſeem to pur- 
ſue one another, though without a poſſibility of ei- 
ther of them overtaking the other; and this is call- 
ed the electrical horſe- race. It is poſſible to make 
ſeveral of theſe wires, each having a conſiderable 
number of points bent backwards, with horſes, &c. 
faſtened to each of them, and turning one above 
another; and then, ſome of them may be contrived 
to move faſter than the others, n may alſo by 
2 to Move different ways. | | 
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ball, hren e ee e 
-- the influence of Points, and the uſefuIneſt A 


metallic Conduftors, to defend Buildings fre 
1 of [5-2-7 | 8 


reader in hi A ee a 
have obſeryed in ſeveral of the experiments 
Greedy deſcribed; the remarkable property, that 
points have, both of throwing off, and receiving 
filemtly the electric duid; but hereafter 1 mall de- 
feribe ſome more eurious experiments of chis kind, 

by which the influence of points, in reſpect of elec- 
tricity, may be better underſtood, and which may, 
in a more particular manner, demonſtrate the uti- 
lity of metallic oonductors to houſes, or piles of 
building, in order to preferve them from the da- 
mage often occaſioned by a ſtroke of lightening, 
- which js one of the greateſt benefits that manking | 
| has received from the ſcience of electricity. 


"4 


EXPERIMEN T 1. 
21. ee Ball 


Frs a pointed wire upon the prime condodtor, 
| with the point outward; then take a glaſs tum- 
bler, graſpit with your hands, and preſent i its inſide 
| eee to the point 8 che wire upon the prime 
5 | ' © condyic- 
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glaſs in chis munher will ſoon become charged; for 
its inſide furſaee acquifes/ the elxctnieit) from the' 
point, and its öutſide loſes Ns ature quantity of 
electric fluke through|the hands; wHich ſerve as Rà42 
coating. Thib done put a few pix balls upon the 
table, and cover them with this arged glufs tur- 
ber. The blk vin immediately begin te leap wp! 
along the fides of the glafc, 
vin cotrinue thei dessen fes a erf ame 5 
47 $77 OUT 821 L 
510 ann pee the pill balls art attractell 
and repelled by the electiic fluid foperindtcell upun 
the infide furface of the glaſs; which they gradually 
conduct to the table, or other conducting body 
upon which the glaſs is ſet; at the ſame time thi i 
the outward ſurface of the glaſs acquires the elec- 
tric fluid from the contiguous air. 


EXPERIMENT U. 


75 0 prove that Glaſs. and .other Elefirics become Can 
ee when = IP; bat. 5 * 


5 


„ i 
hot reſinous ſubſtances, oils, &c. Seth's glaſs: 


ſtring 


conductor while” the mackine/ is. in triodion; te £ 


48 \repreſiited, RT Tis: 9. 


eme E F D, and tie a filk Bg. 10 


AN INIRNOnuc rig re 
| ſtring GC p to it which ſexves to hold it by, wheri 
it is to be ſet neat the fin: fill the middle part of 
cis tube with, rofin, ſealing wen, Kc. then intro 
duce to wires A E, B F. through, its ends, ſo that 
they may touch the, roſin, or penetrate alittle way 
in it. This done; let n perſon, boldithe tube over 
4 clear fire, ſo as xo melt; the roſin within it; at the 
ſame time, by c ing one of the wires A, or B 
; with the; qurlide of a.charged jar; and touching the 
other with. the 31 Snob the, Ta Hp make. 
the diſcharge thro and you will ob- 
ſerye that, while t. is cold, no ſhocks can be 
tranfmitted. through it; r it becomes a conduc-· 
tor, acc a5 it melts, and when totally melt⸗ 
thy PO, 15 Will n Saen, it very YT. 
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1e reſenting the ede a fe, 
either tne e a metallic 24485 or 
not; by which both the bad effects of lightening 
- ſtriking upon à houſe not properly ſecured,” and 
the uſefulneſs of metallic conductors, may beclear- 

hy repreſented. A is a board about W mlagh 


Fig. 11. 
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of an inch thick} and frayed like the gabi end Tf Fig. 11. 
a Houſe: - This board is fixed" ame up- 
on the hertom board Bj upon hien te perpeid i:. 
cular glaſb/pillar'C D is — na in a hee About ö 
eight inches > diane hom nn board A. 
A ſmall NN quarter of an inch 
deep, and fear! h inch mY is made in the 
bays add is Alled wich 4 ſquare pibce, of wodd,. 
aty of the faut Ann idfls x1 ernten, 157 
of 30 Ed ele betauſe it tuft gu ſd txfily 
into tlie 76 tay « Off, by the 
tir” Fiery A \ rre L K . bel 
diagbnally i to this ſquife piece of wood: ' Anotfier 
wire 1 H of the fame thickneſs; having a braſs 
ball H, ſcrewed n er be isTaftened 
upon the Board alſo the Hire V N, Which ' 
is thaped"in & Eng "WO" From the upper Exrre-" 
mity of the glafs LTD, | crooked wire pro- 
ceeds, = a ſpring ſocket F „ through Which AN 
double Knobed” wire flips p 1 
8 knob G of Which falls; 
Thee glafs pillar Þ C nale ee very 
aa ty the bottom! board ; but it thuſt be felt 
ſo as it maß be pretty calify moyed round its ow 
== by which means the brafs ball G ray be 
ughit nearer or 12 from the Ball H, wirhout 
we idg the part E FG. Now when the ſquare 
piece of wood 11 115 11 (which may reprefent the 
ſhutter of a wind6w of the like) is fixed into the 
hole ſo, that the wire I. K ſtands in the dotted re- 
preſentation I M, then Se metallic communication 
from H to O, is comp plete, and the inſtrument re- 
preſents a Ru met 


conductor; but if che ſquare piece of wood 5 K 


5 
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Fig:1- IK is fixed fo, chat the wire LK ſtands in the d- 


rection L. K. as repreſented in the figure; 
metallic. conductor H O, from the top of the houſe 
to its bottom, isfinterruptedd at l By 1 9 caſe 


Vill obſerve,,, 17 


, then;the 


the. houſe 1 18 not properly ſecured. 27 f 2 125 ; 


Vie es piece of . M FOR 2 


may be as Nee in the figure, in which caſe 


the metallic conductor H O is diſcontin 

the ball G be fixed at about half and, bei. 
5 pendicular diſtance from the ball I, then; by turn 
ing the glaſt pillar D C, remove the ehe ball 


from the latter; by a wire or chain, connect the 


J wire E F with the wire Qof the jar P, and let 


another wire or chain, filtened xo the. hook O, 
touch the outſide coating of the jar. F the - 
wire Q with the prime conductor, and charge 
ine then, by turni 0 the glaſs pillar D C, le 
G come gradually near the Ball H, me 

Ms are arrived ſufficiently near one another, you 
> pate explodes, and the piece 
out of the hole to a. 


of wood L. N. 


conſiderable, Mat, ©: the thunder-houſe, | 
| Now the bal 1G, i ans e ee an 
electrified cloud, ehichuben it is arrived. ſofficiently 


near the top of the houſe A, the electricity Wel 


it, and as this uy Hg is not ſecured with a proper 


; at this p of wood 1 M is ſurated 16, that . 
the wire L. K may ſtand in the firvation I M; in 


; which Wo the conductor FL Ois not diſcontinued; 


and 


conductor, the exploſion breaks 5 of , 4. e. 
EGS off the Piece: of wood 1 
Repeat the er 5efirrnt We with only this lic,” 


E 


err © 


G £3 .£ 3a .,.09 . 


1 28 


and you will obſerve, chat the exploſion will have Fig. 11. 
no effect upon the piece of wood L M chis re- | 


maining in the hole, unmoved; rh * 
iſe- uſefulneſs of che metallic conductor. 
34 - * 7 Fs TORE 83 848 


Further; (unſcren the braſs ball A 8 
an I, ſo that this may remain pointed, and 
with this difference only in the apparatus repeat 
both the above experiments; and you will find © 
that the piece of wood I M is in neither caſe moved 
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WO ULAR of PET jars e pon” Fig. 12. 
in ſuck manner that their whole force may 

be 3 and act like one jar, conſtitutes what 

is called an electrical battery. This battery is the 

moſt formidable, and entertaining part af an elec- 

trical apparatus, and * its uſe mr e | 
Op are rauer, a 


1 a battery; is 3 of no TE 0 power, 

ac containing about eight or nine ſquare feet of 
coated glaſs, I ſhould - recommend to make uſe of 
common pint, or half: pint phials, ſuch as apothe- 
caries W They may be eaſily caged with tin- 


v7 N 2 4 5 > p | foil, 
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Fig 15. foik ſheet-lead, or gilt · paper on the, outõde, and 


braſs- filings on the inſide, they occupy à fmall 
ſpace, and on account of their thinnaſs, hold a very 
good charge. But when a large battery is re- 

quired, then theſe phials cannot be uſed, for they 


break very 'ealily, and for that purpoſe eykndrical 


glaſs jars of about fifteen mebes Eb, and four 
or frye en: in diameter are the RT conyeni- 


ent. 


When glaſs 1 or P 1 » ſuBcionthy 
large opening, are to be coated, the beſt method 
is to coat them with tin- foil on both ſides, which 
may be fixed upon the glaſs with varniſh, gum-wa- 
ter, bees-wax, &c. but in caſe the jars have not an 
aperture large enough to admit the tin-foil, and an 
brunt to adapt it to the ſurface of the glaſs, 


then,  braſs-filings, ſuch. as are ſold by the pin- 
makers, may be advantageouſſy uſed, and they may 
be ſtuck with gum-water, bees-wax, &c. but not 
with varniſn, for this is apt to be ſet on fire by the 


75 diſcharge. Care muſt be taken that the coatings do 
not come very near the mouth of tho jar, for that wil 


cauſe the jar to diſcharge itſelf. If the coating 
is about two inches below the top, it will in ge- 
neral do very well; but there are ſome kinds of 


glaſs, eſpecially tinged glaſs, that, when coated 


and charged, have the property of diſcharging 
themſelves more eaſily than others, even when the 


coating is five or ſix inches below the edge. There 
is another ſort of glaſs like that, of which Flo- 
rence flaſks are made, which, on account of ſome 
unvitrified particles in.its Tubſtance, is not.capable 


of holding the leaſt charge; 5 0n theſe accounts 
 _ therefore 
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tkereſora, whenever à great number of jars are vs · 14. 
to be choſen for a large battery, it is adviſeable to 
try ſome of them firſt, ſo that their quality dong 


| Ah „ = hs 
inſide / and outſide with tin-foil, which all together 
contain about twelve feat of coated: glaſs, Abeut 
the middle of each: of theſe-jars is a cork. that ſuſ- 
tains a wire, which at the top is ſaſtened ruund, 
or ſoldered: to the wine E knobed at each end, 
which connocts the inſide coatings. of three jans; and 
by four wires ſuch as F the inſida coatings of all the 
twelve jars may be connected together. Each of the 
wires F has à ring at one end, through which, one 
of the Wes pate andthe other end has a braſa 
knob. H the whole foree of the battery is not 
required,” one, two- or three rows of jars may be 
uſed at pleaſure; ſor as each of the wires FF 
is movable round the wire E, which paſſes through | 
its ring, and reſts upon the-nexe wire E, it may be 
eaſily removed ſrom that, - and turned upon the 
contrary wire E; and thus the communication be- 
teen one row of jars and another may be diſcon- 
tinued at Fee See ms ran by | 


Ee FL EXA 


N 


9825 


— 
« 1 — 


The ſquare bog that contains theſe jars is: of © 
wood lined at the bottom with ſheet-lead or tin, 
and has two handles on two oppoſite ſides, by which 
it may be eaſily removed. In one fide of the box 
is a hole, through which, an iron hook paſſes, 
which communicates with the metallic lining of the 
, and conſequently with the outſide coating of 
all. Beth: To this hook i is faſtened a wire, the 


Wo — Sands a ac £4. f. WV... vs OJ > co = 


other 


3 


bother end of whichis oonnected vith the diſcharging 
rod. $1413 | 


As, and two curved wires B B, which move by a 


may be unſcrewed from them at pleaſure, 


the balls or the points, as occaſion 


riments. 
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5 T he diſcharging FO conliſts 55 a glafs handle 


joint C, fixed to the braſs cap of the glaſs handle 
A. The wires B B are pointed, and the points en- 
ter the knobs D D, to which they are ſerewed, and 
By this 
conſtruction we have the opportunity of - uſing 
requires; and as 
the wires are moveable by the Joint G, they may 


1. Neger to ſmaller or larger * ere 
The battery, repreſented. in the plate, is a ſmall 


| one in compariſon to thoſe nom frequently uſed, 


and much too weak for the purpoſe of ſome expe: 
But I thought it ſufficient to give an 
idea of its conſtruction; and, when a large bat; 


tery is to be conſtructed, I would recommend ra- 


ther to make two, three, or more ſmall ones az 
repreſented in the plate, than a ſingle large battery, 
which is heavy, and, on ſeveral accounts, incon- 
venient. . The force of ſeveral ſmall, batteries may 
be eaſily united by a wire or a chain, and thus they 
may be b er to —— in ee en Re. a large 
en "1 
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by ha cara and Hel the! ahve line. 1% 
e 
e £315 175 F 38 oye Sf bad 
bez HE force of uma electricity, A. 
and as it appears by the experiments performed 
this WY vich a fingle coated jar is very ſmall when compar- 
32 ed with that, Which is produerd hy a number of 
as 


IT. 


jars connected together; and ifthe ecke of a ſingle 
jar are ſurpriſing, the prodigious force of a large 
battery is certainly aſtoniſhing. ; To obſerye that. 
the metals, even the moſt purified platina, Which 
reſiſts the greateſt efforts of chemic fire, are actu- 
ally, and almoſt inſtantaneouſly rendered red-hot, / 
and fuſed : fo ſee animals deſtroyed, and to hear 
the loud feport of a large electric battery, are 
things that always produce a kind of terror in the 
mind of an attentive obſerver. Experiments of 
this kind ſhould be conducted with great caution, 
and the operator ought to be attentive, not only 
to the buſineſs in hand, but alſo to the perſons, 
who may happen to be near him, prohibiting. their 
touching, or even coming too near any part of 
the apparatus; for if a miſtake in performi 
other experiments may be diſagreeable, thoſe in 
the diſcharge of a large battery may * n 
with worſe conſequences. , | 


1» 2472.7 14 


When'a battery is to be chad] inſtead of a 
large printe conductor, a ſmall one is much more 
convenient; for, i in this caſe, the diſſipation of the 


cledricity i is dot ſo conſiderable. _ The quadrant” ' 
dlectrometer, 


AN INTRODUCTION 10 


electrometer, which ſhews the height of the charge 


in the battery, may be fixed jeithet; upon the prime 
conductor, or upon the battery; in which latter 
caſe, it ſhould be placed upon a rod proceeding 
from the wires of the jars; and if the battery be 
very large, it ſhould be : Uevated ro or or three feet 
above them. uy 


icy - J 218 


sees etiam K 
large battery will feidom riſe ſo high as (0% bes - 


cauſe the machine cannot charge a battery ſo high 
in propottion, as à ſingle jar. Irs limit is often 


about 66* or y, more or leſs in proportion to the 


ſize of the N L b ee e 
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n du, ning animate ty lune. 


Fig. 14. A* electric; jar, lying a wire 0 HE fallened 


on its outſide, which is bended {> as to have 
its knob E, as high as the knob A. B is a ſpider 
made of cork with a few ſhort threzds run throught 
it, to repreſent its legs. This ſpider is' faſtened at 
the end of a ſilk thread, proceeding from the ceil- 
ing of the room, or from any other ſupport, ſo that 
the ſpider may hang mid-way between the two 


5 knobs A, E, when the jar is not charged, 5 


* by 
FE 1 
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the place of the jar upon the table be marked; 
then charge the) Jar dy bringing its knob A in con- 
tact with the prime conductor, and replace it in 
its marked place. The ſpider will now begin to 
move from knbb to knob, and continue this mo- 
tion for 4 eee, tame ſometimes ſor ſeveral 


The inſide of the jar being charged robe ch 
the ſpider i is attracted by the knob A, which com- 
municates to it a ſmall quantity of dericity;. the 
ſpider then 3 poſſeſſed of the ſame electri- 
city with the knob ing po 1s re led It, and runs 
to the knob E, where it = Toa its electricity, | 
andis then again attracted by the knob A, and ſo on. 
In this manner the] jar is gradually diſcharged; and 
when the diſcharge is nearly compleated, the hl 
der finiſhes its motion. 


EXPERIMENT. VI. 


ed 

we | The Spiral tube, 

ler * 

ht A® an compoſed of two glaſs colies Fig. 18. 
At C D, .one within. another, and cloſed with 


two' knobed braſs caps A, and B. The innermoſt | 

of theſe tubes has a ſpiral row of ſmall round pieces 

of IE ſtuck 205 its e 2 and lay- 
33 ing 
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ing at about one tlürtieth of an inch from- each 
other. If this inſtrument be held by one of its 
extremities, and its other extremity be preſented 
to the prime conductor, every ſpark that it receives 
from the prime condniftor, will wan fnalt r 
to appear 


> ol Gat 8040 f daa up 9 810 18 ike. 
times ſtuck upon a flat piete of glaſs ABC. io 
Lis. 19. as to repreſent curve Ie flowers, letterz, &c. and 
they are illuminated after the Piet manner as the 
ſpiral tube; l. e, by holding the extremity C, or B 
in the hand, and preſenting the other extremity 
to the prime e en 1.905 machine i is in 
motion. HS 
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2 La that Glab and other Elefric become Con- 
Me Mota A NOT IO: a; 
ri 7 1 * 1 
Fig. 10. IN den to ocrefile — ieee CC | 
ne hot reſinous ſubſtances, oils, &. bend a glaſs 
tube in the erat mtr Shag a8 tie a filk : 
(EPs ſtring 


e. 
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GC D g it, which ſerves to hold-it by, 
when it is to be ſet near the fire ;- fill che middle 
part of this tube with roſin ſealing wax, & then 
introduce two'wires A E, B F through its ends; ſo 
that they ay touch the roſin, or penetrute a little 
way in it. This done, let a perſon hold the tube 
over a-clear fire, ſo us to melt the roſin within it; 
at che lame timb, by connecting onc of che e. | 
A, or B-with the oatſide of a-chatged jar, and 
touching the other with the knobof the jar, endea- 
your to make the difcharge through the roſin, and 
you will obſefye that, while the roſin is cold, no 
ſhocks can de tranſmitted through ie but it be- 
comes a conductos, according às it melts; and 


when, totally melted, chen the ſhocks will pa 
trough I rag rely, e 


A 


EXPERIMENT VIII. 


To ſew that the ehefvic Fluid prefers a bore Paſſage 
through the Arr, to a "yd one e 1 Con- 
ductors. Wees We 

R a wire about five feer long, at the cake Fig. 16. 

AP. of which fix a piece of glaſs-D, to keep the | 


parts A B at a proper diſtance, ſo that they may 
eo —"_ half an inch of one another if required; 
P1S..: then 


then connect the chains belonging to the fliditly 


A INTRODYCTION TO 


| wires with the hock of the bartery, and tho dif- 


chrough it. On making the exploſion, 
will be ſeen between A and B, which ſhews, that 
the electric fluid chooſes rather a ſhort paſſuge 


2 through A and B, but part of it goes alſo 
through the wire, which may be proved by putting 


the diſcharge with only this addition in the appara- 


charging rod, and ſend che charge of 4 


= 


2 the air, than the long one through:the 
The charge, however; does not paſs in- 


a Nender wire between A and B; for- on making 


tus, the ſmall wire will be hardly made red-hot, 
whereas if the large wire A D B be cut in D, fo 


23 toddiſcontinye the circuit A D B, the ſmall wite 


will be melted, and even exploded by the ſame 


ſmock, that before made it ſearcely red- hot. In 
this manner may the conducting power of different 


metals be tried, uſing metallic circuits of the ſame 
length and thickneſs, and obſerving the difference 


| pf the paſlige e HEAT each. 


N 22. 


wires A, B, ſ0 that cheir ends within the clay 0 


BXPERIMENT. IX: 


75 e the Clay 4 break fall Ti whey: with 1 


| electric Exploſion. 


OLL up » niere of ſoft beser pe (% in 
a leit cylinder CD/-and infere in it two 


740 2 


— 
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- of the robacco-pipe, or a glaſs tube (which will 
anſwer as well) be filled with any other ſubſtance; 


| a wan the ſame aan 


vSBrUL Werne 


: 


de about a fifth part of an inch from one another. 


If a ſhook be ſſent throngh this ęlay, by ęonnect- 
ing one of ther wires A, or B wich the outſide of a 5 


charged jar, and che other wich the infide, it will ” 


be inflated by the ſhock, i. e. by the ſpark, that 


paſſes between the two wires, and after che explo- | 
fion will appear as'repreſented.. If che Mock Wir F'g.+ 23; 
through it is too; Rrong;./and; the dlay not very ' 


moiſt, it will be broken by the exploſion; and its 
| {ragrnent ſcattered infevery.direftion.”.! on. pay” 


To make this experiment with a little bie é 
take a piece of the tube of a tobacco- pipe, about 
one inch long, and fill its bore with moiſt clay, 
then inſert in it two wires, as in the above rolled 


clay, anf ſendla ſhock through it. This tube will 
not fail to burſt by the force of the exploſion, 


and 6 a great 


5 diſtance. 


It Inſtead, 0 . thi 8 TERS 7 1 © 


either electric, or non- electric inferior to metal, on 
making the diſcharge, it will be broken in piners | 
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; bes * met 7 * N MY Fe, + 7 * 2. 174 47 9.9% 
Fig. 13. XX nien [vis If u Med ted, kavitig 
8 2 1 at each end à ſmall cork ball. This elec- 


on any conductor proper for the purpoſe, and 


ſerves to 105 the kind and en 


| tricity, 
4 »& +33 * ”\ ba Wee e CPS 242 $4.4 "4 * 1 * „ is 
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HICH is Hp es dn and i 
 -compoſed'of the following parts: A is a 


ſis of the inſtrument. B B are two glaſs pillar- 


has a turning joint, and ſupports a ſpring tube, 
through which, the wire D C flides : each of theſe 
caps is compoſed of three pieces of braſs, con- 
nected ſo, that the wire D C, beſides its fliding 


horizontal and vertical one. Each of the wires 
D C, D C is furniſhed with an open ring at one 
| end, and at the other end has a braſs ball TO, 

ONES EIFS ES 1 * 8 y 


| eromecer is ſuſpended by che middle-of che thread 


— — cs AJ  Y 


far board fifteen inches long, four inches broad, 
and one thick, or thereabouts, which forms the ba- 


cemented in two holes upon the board A, and fur- 
niſhed at the top with braſs caps, each of which 


7 through the ſocket, has two other motions; viz. an 


Ma Ca © oa —— 


— a „ 
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board, and has a ſcrew C, which ſerves to faſten 


bottom. B of che; 7 tube. Through che 177 


tubes and hy nee ene e ee 


eee eee, 0 


ty a vis g rack is flipt ed polated "TY 
extremity, and it may be removed from it at plea - 
ſure. | Eis a ſtrong cireular piece of 'wood five - 
inches in diameter, having; on its furface, a flip of _ 
ivory inlaid,” and furniſhedl with a ſtrong eylindri- 

cal ſoot, which fits the cavity of the ſocket F, 
which is faſtened in the middle of the denne 


the foot of the circular 1b ns 
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ie 


HE electneal A air LR ied bein ve Beetle 14 

W A e effects 45 the 
he | 

r aglaſ rube A 1 5 idches | 

long, and nearly; to inches tes ene and cloſed. . 

ar det ue both cods by two braks caps, Through, 

« hole in the upper cap, a ſmall tube HA, 0 open 

at both ends, is inte cy in ſome water at the 


dle of each of, the braſi caps, a wi 


FG, EI. 
introduced, having. a braßß knob, wi 


un, the laß 


be ſet; at any diſtance from one another. This in- ; 
weden on an W Des: 


* 


} 


= Fig. 24- lar of the wooden'iſtind C D, chat ſuppordo it / 1 
| When the air within the tube A B is rarefied, it 


— 


is "not at _ moved 15 the mark; 12 
that th age of the-eleftric guid through con- 


— 


Mn rinbus HIGH 100 


will preſs upon the water at the bottom of the 
tube, which will confrquentiy rife in the cavity of 


the ſmall tube; and ag this water riſes higher or 


lower, ſo it ſhews the greater or leſs rareſaction of 


the air within the tube A B, which due n no N p 


munication wich the external air. 3 wy 


«77 the wa ken = 18 i ene A is to be ud, | 


is all at the bottom» of the large tube, i. e. none of 
it is in the cavity of the ſmall tube; it will be 


proper to blow with the mouth into the ſmall tube, 
and thus cauſe the water to riſe a little in it, 


where, for better regulation, a mark may be 
fixed. 11172 T As I. MI 1 Y * 1 2 32.57 


Bring the knobs GT of the wires I E, FG; 1 


tn with one another. then connect the ring E, 


or F with one fide of 2 dba jar, and 8 vp! 

ting with the other. ide, e opera 

"Bog will be made to p ugh the wiees 

97 2 e. between che 5 E I. In this 

5 will obſerve, that'the water in 4 ſmall tübe, 
Which the 


du&ors | fo 128505 large , 6ccaſions to rarefaftion; 


& af i, E 3 


9 ny 
oo Het the PA WY ew. 0 7 5 of 


dit the knobs G, 1a little Abet For obe an6- 
them 46 before, 
and yu will ſee chat the #park' between the tw 


knbbbs, not'only diſplaccs, Düt rareffes conſiderablyß 
al- f 


his, and ſend à ſhock through 


the ar; for the water will be ſuddenly 
mot at che top of * tube, and 9 4 
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tube; 


6 wdis 
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t de n; little, as for inſtance as. far Fit * 
as H, which is occaſioned by the ſudden diſplacing 


, a . * — * 
x * * : . . ; 
* - . * 
\ 0 
4 * 


There 


and replacing, of the air abgut, the, place, w 
the ſpark appeared within the tube KB. 
chat the Water has ſubſided ſuddenly from the firſt 


riſing, it will then gradually, . and lowly. gome 45 
down to the mark, at which it ſtood 8 the 


exploſion; which is the effect of the air that was 
rarefied, and which — returns to its > former 55 
derer — N e DOING * 2 5 


If this experiment be made in a room, where 
the degree of heat is variable, then proper allow- 
ance mt be made for this circumſtance, ' in eſti- 
mating the event of the experiment; for the elec«- 
trical air xhermometer is affected by heat, or cold 
= OS as well as by that hana | 


- 

oa, 
* 
ted 


ber n 
N e nat 


CAKE a ſmall 1 . 4 1 it 
with gun-pouder, or elſe fill the tube of 2. 


quill with it; inſert two wires, one at each extre- 


mity, ſo that their ends within the quill, or car- 
e 1 aber one e nm ove, 
| 33 ä 


. ; . Ax INTRODUCTION T6 


e this done, ſend the charge of a ao „ 
through the wires, and the ſpark between their ex- 7 
tremities, that are within the cartridge, or quill, 4 


will ſer fire to the gun- If the gun power lb, 
A be mixed with ſteel filings it will cake fire more 
1 Ane andwith Sy SOAR M206: * MERE LL Lak 
e 1. erat) 
' 4 5 44 4 | 8 * 
bd 4 1A 2 318 2k 1 1 22 4 vi ES * Rente 
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"EXPER IM EN x. 
come ef the elefBric_ Fluid in the Dich 
ares ith hy the Star, and Paal. 


" a » © 
Ss * 8 
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THEN a th take sdifctargingrod 
having its ends pointed, i. e. the diſcharging 
tod repreſented in fig. 4, without its knobs, and 
1 ig 15· keep it as repreſented; tat 18, in fuch a ſituation, 
tat one of its points C maybe at about one inch dif- 
tance from the knob A, and the other point B, at 
an equal diſtance from the outſide. coating of the 
jar; by theſe means the jar will be diſcharged ſi- 
lently, and if its infide be "opp poſitively, 
. will ſee, that the point C of the diſc 
| [th is n ed with a ſtar, and 3 
Wich a pencil ; becauſe, in this caſe, the Uſcic: 
fluid, going from the inſide to the outfidle of the 
iar, enters che point C, and iffues from the 
TVs point B. But if the Jar is electriſied ne tivel | 
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$ aud, then the pencil of rays will appear upon 


I at the top of the neck of this phial, a braſs 
' cap is cemented, having a hole with a valve, and 


ing. e clearly the dire&tion of 


"+ 


USEFUL KNOWLEDGE. 1 


point C, and the ſtar upon the point B; for in 


| kev Ly che electric fluid paſſes fromthe! outſide 


r reaper de Led Robb 
1 555 5 W 


N. B. This « ee eee 


in which the die cht to be obſerved, re- 
uren 0 be made in ay; os 
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about three inches up the fide with tin- 


from the cap a wire proceeds a fow inches within 
the phial, terminating. in a blunt point. When 
this phial is exhauſted of air, a braſs ball is. ſcrewed 
upon the braſs cap, which is cemented into its 
neck, o as to defend the valve, and prevent any 
air from getting into the exhauſted glaſs, The 


inſide of this phial requires no coating, becauſe 


as the electric fluid pervades vacuum, it can paſs 
freely from the wire to the ſurface of the exhauſted 
glaſs, without the help of a non-electric: coat- 


the 


"Mans Phial coagd. on the $1 20. 


„% AN INTRODUCTION TO 


che eleſtrie fluid, boch in charging and diſcharg- 
jog fat if it be held by its bottom, and its braſs 


i 5h: knob. be preſented to the prime conductor poſi- 


tively electrified, you will; ſee that the electric 
fluid cauſeth the pencil of rays to proceed from 
the wire within the Phil, 28 repteſented, 
r ed if it is diſcharged; a ſtar will appear in the 
place of the pencil, as repreſented in fig. no. But 


if the phial is held by the braſs cap, and its bot- 
tom be touched by the prime conductor, then the 


point of the wire on its inſide, will appear illumi- 
nated with a ſtar, when charging, and with- a pen- 
cil, when diſcharging. If it be preſented to a 
prime conductor electrified negatively, all theſe 
_ appearances, both 1 in Fe and. en 
a will be reverſed. L. N oF 


This 8 the Leden vacuum, 2 
biss an ocular ee of ye PK. 
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1 nk the crc Spark anus mee. j 


ILL, a glaks rube of abour half an inch dame. 74 
ter, and ſix inches long, with water, and to 
each extremity 9 Wot, which 


may 


E 
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may confine the water through each cork 12 % 
à blunt wire, ſo that the extremities of the wires 
within the tube may be very near one another: 

_ laſtly connect one of theſe wires with the coating 


of a ſinall charged phial, and touch the other wire 4 
with the knob of it; by which means the ſhock 
will paſs' through the wires, and cauſe. a vivid © 


ſpark to, appear between their extremities within 2 
the tube, In 
muſt be taken, 
| otherwiſe the tube will burſt. 


orming this experiment care 
lat the charge be e weak, 


In a mne drinking ade of water, 
immerge A B, which are two knobed wires ſo bent, 


that their knobs may be within a little diſtance = 


pf one another in the water. If one of theſe wires 
be conneRed with the outſide coating of a 


arge Jar, and the other wire be touched with the 
' knob of it; che exploſion which muſt paſs paſs through 


the water from the knob of one of the wires do 


chat of the other, will diſperſe the water, and 


break the glaſs wich a ſurpriſing violence. This 
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| "The eee Feen eue put 4 — 
5 E 1 Elelricig. 4 
88 kind +6 orrery, e thewin Wie e 
tiqn round its axis in twenty-four hours, the 
Wi. = of the moon from change to change, an 
her various phaſes during that time. A is che 
Horizontal board or ſtand of this machine, andB. 
is the great wheel, with e ighteen floats or wingy | 


& 4 
- 210 


hed) according 20 the order of the letters a bc d. 


On the axis of this, wheel is a trundle C of eight ( 


12 ſtayes, for turing the wheeLF, of thirty-two teeth, | 
on whoſe: axis is a trundle G, of eight ſtayes,. for 


| - turningthe wheel H, of fifty-nine teeth, which will - | 


go once round in the time the great wheel. A. goes 
© tyenty-nine-times 1-half ound. A little hollow 
globe D, repreſenting che earth, with its meridians, 
--, *equator, tropics, polar circles and poles, is 
the top of the axis of. the great wheel A, and on 
the ſame axis is an index E, whichsgoes-round a 


ö ſmall dial- plate e of twenty-four hours, in the time 


. that the earth D turns round. And an ivory ball 
Tis placed on the top of the axis of the wheel H, 


. half black half white, to repreſent the moon; be- 


low which, on the ſame axis, is an index K, which 
goes round a ſmall plate k divided into trenty- 


nine 1-half equal parts, for the days of the moon's 
age from change to change. So that, in the time the 
3 OY wheel 855 rin es D, and e E, make 
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| | varput: KNOW LEDGE: KR. 
txenty-· nine 1 half revolutions, tht moon I and 


her index K make only one; and in that time, wh | 
ſhewing herſelf all round to the obſeryers, they ſee 
all her different phaſes or appearances, like Hole 7 


Teen neee 2 64 4 Is 
Hsving fee the orrery near the prime A OY 


| tor, place a crooked. wire from the conductor, ſo 


in each turn of the earth, the index E will go 
ym all che twenty-four. hours on the dial- plate! 


as its point may be even with. the great wheel B, N ; 


and tend to turn it in the direction a he d turn 
the glaſs globe of the electrical machine hy the 


winch, and a ſtream of fire will iſſue from the wire 
to the wheel, and turn the whole of the moveable 


work; by which means, the earth D will be turned 


round its axis, from weſt, by ſouth, to eaſt; and, 


In the time the earth and index turns twenty+: - 


Po 1-half times round, the moon I will turn once 


round her axis, ſnewing all her various phaſes; 


and the index K will go over all the twenty-nine 
1— half ee 8 c 


* axis, IF cheque turned A* that wheel, and. B. 
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EXPERIMENT NI. 


4 Made of 6. Water-Mill turned hy. a Stream of 
7 Ra, Fires, | 


A is a water-wheel; B the cog- wheel on B. 
the 


- Model of a common mill for exinding corn: rig. * 


— 
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wheel A. Then turn the glaſs globe by che winch, 
and the ſtream of fire that iſſues from the point of 


A INTRODUCTION r 


the running mill-ſtone on the top of the axis'of | 
the trundle. It may | 


eaſily be contrived and turned 
alſo by electricity, which; inſtead of the round 


plate D for the mill. tone, there may be à hori- 


zontal wheel on the axis of the trundle Co With 
ſpur cogs, which will turn two trundles placed 


on its oppoſite ſides; and on the top of each of | 
theſe trundles axis may be a' round plate repte- 
ſenting a mill-ſtone; fo that this model has a 
the working e We en. burning 


two mill-Rones. Ke 4 54 <5 Präg 

— mill near — * had 
place the crooked wire ſo as its point may be di- 
rected toward the fide of the great 


the wire will turn the wheel; and, -confequently, 
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mon cemer of ity. between them 1, a lunar Fig to. 


Theſe. motions are repreſen ted by # 


i ISI; 


erica Foie ag Follows +. , 11+ 


J. 4 G4 * 
"The baus reptelents the fun, E rhe "Py ua | 
M the moon; connected by wires a c and b d: 216 
the center of prayiry between the ſun and earth, 
and b is the center of gravity between the earth | 
aud moon. - Theſe three balls, and theit conneR- 
ing wires,” are hung and ſuppotted on the | 
pour of x wire K, which ie tuck upright" in the 


prime conductor B of the electrical machine; the 


earth and moon hanging upen the ſharp point of 
the wire c a e, in which wire is a pointed ſſiort 
pin, ſticking out horizontally at c; and there is 


juſt ſuch another pin at d, ſticking out in the ſame 


manner, in the wire that - PET e and 
—_— | 


— 


Wpen rhe" lobe of dhe electrical machine is 


turned; the above-mentioned balls and wires are 


eleQrified: and the electrical fire, flying off hori- 


 zontally from che points © and d, cauſe 8 and E 
to move round their-common oenter of gravity a 


and E and Mü to move round their common center 
of gravity b. And us E and M ure light when 


compared wich S and E, there is much leſs fric- 


tion an che point b than upon the point a; ſo that 

E and will make many more revulutions about 
b than S and E make about the point a. 
The weights of the balls may be adjuſted 40, that 
E and M go twelve times round b in the time 
that S and E go only: once round a. It makes a 


E jc? 00 GN but is ſo 
L far 


BY AN beko pe reef. 


: fat ow proving that the motions, of ths” was | 


in the bares are © owing to ANTE cauſe, that 1 it 
plainly proves they pak hot... For the real fun: and 


| tal; and conſequently there can be no ſuch, 


© Big 6. 


planets, are not connected by Leah or, bars of — 


ie points as c and d between them. 


without ſuch points, the electric fluid would never 


cauſe them to move: for, take away theſe points 
in the aboyę- mentioned experiment, and the 1 
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. cherifed, Capillary Oden, 


Ech a fa Paid of ment 7 Ky be. 


ſuſpended from the prime conductor, and put 


in eee of ſo narrow. extremity, as the 
water will juſt drop from it. If in this diſpoſition | 


of the apparatus the winch of the machine be 


turned, the water, which, when not ele&rified, only 
dropt from the extremity of: the ſyphon, will now 


run in a full ſtream, which will even be ſubdivided 


into other ſmaller ſtreams; and if the experiment 
be made in the dark, it will be beautifully illumi- 


- _nartd; and; like à fouhtain 'with: rears! of fire; 
which may be made to ſtop apparently by tie word 


* n by touching the prime conductor. 
| "EXPERIMENT 


W.. 5 


— 


* USEFUL” KNOWLEDGE. 85 7 


=Y 


4 yak ar ub who Kind! md bout gd 
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nd 16,08) Hilter AER 217 Tho: 1%? 2 il 
de- 320 NE LICK 0 £495 „ * 511 $9 n br a h ad! 
he- | n Nee eee T 1241 1 

4 * 3 fi : 8 ir” 143, F ee 515 
nd | \ ; 1 
rer | AHE/ only iir, that can; with prov | 
its. priety, be be called” an electrometer, that is, 4 
s fuck as meaſures the(preciſe degree'to which! any 
ly body. is elefrified; 1 bs as follows : A is a very Fis. 4. 


25 light rod, that turns on the center of a ſemicircle 
| B, ſo as always to keep pretty near its graduated - 
** limb: ät che extremity 'of che rod is a cork: ball | 
. C. D is the pillar chat ſi the rod, and may Te 
be either fixed'to the prime conductor, br let into 
the Uraſs knob of à jar or battery; or be ſet on a 
ſtand to ſupport irſelf. The whole inſtrument may 
be made of wood or ivory, but is g f 
ect wWhien the pillar and rod, or index, are of bo 
wade very se U ee paper* che bell nf 
' cork, and the ſemicircle ivory, : the diviſions on 
e eee 
The moment thi 8 intel begin ns to be Flec- 
trified, the rod is repelled by the Pillar, and con- — 
ſequently begins to moye over the edge of the ſe. 
- micircle, and ſhews, to the greateſt preciſion, the 
degree to which the prime conductor i is electriſied; 
or how high any jar or battery is charged, As 
the materials of which this inſtrument are made 
are very imperfect conductors, it will very rarely 
diſfipate any of the electricity of the prime con- 
4 ductor, &c. with which it is. connected: 05 if it 
h IT L 2. TE be | 
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be found, is a trial in the dark, that any part of 


it colle& the electrię mu reit placed be- 
fore the fire to dry off the 1 Kg jake xe from 


the index: it ſhould not, however, be much heated, 
for then it wilt 'not-peceiye che electricity ready 
enough, and the motion of the index will hot än- 
ſwer with. ſufkcient accuracy, to the degree of eters 
tricity in the body with which it is in eontaſt: 
but this inconvenience may: be caſily temedied hy 
- "moiſtening the pillat and the inden: ſor the ſos 
4 end neyer he too d. 32435 9; ?nv7 {4 


£3! 24; „ . 

WT is dent, gem the, conftradian of, this.ins 
125 eee that che force of different exploſions may 

| be, aſcertained hy it, beſorg the diſcharge, with the 
greateſt accuracy. If a jar be charged with, poi - 
tis electricity, and you, Nang to know the preciſe 
time, whileyouareatempting to charg it netzative- 
Ih that it becomes diſcharged, watch the moment 
the index comes to the ular ſtation, which 
may be obferyed without the leaſt danger af a miſo 
. take, and you will the find there 1 is not the lealt leaſt 
ſpark left in the jar. If you continue the opera: 
tions the index will begin to advance again; and 

: thereby ſhe, the exact quantity . the: TER 

| OWE 65 Jar hay gan 
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EXPERIMENT. Xl, 
eg ot . eue ere th reer, 


HE 8 Ai is a flat ſqua Se of box. 
” wood, about an inch broad, and'a 


The LD 


bite chrovgh it, near fts'oppotkt Edges, "chrough = 
Aa eh the braß e e er 9 


they abe fright hen Hell Wich ling wat, and 


bent as in the figure, ſo a5 t6 Reeive the tooth and 


gum Betweei rheir potts c and f, which muſt not 
be made too Wr hr fear of acting” the gum. 
When it ĩs uſcd, two chains gand h muſt be hooked 
w the cler en of the wites; and Beling it br 
„Wick che to t ends e df 
Wires a be and'd e f Nel "the chains g and 


of 


h on the other ends of theſe wires; put the other 


round the dottorm of à Jar; 


end of che chain g 


and cahfſe ar af ftant te held the thair? h; e 


down from his and ; the chaths hot touching olle 
another, and en of the table. Then 
the jar; Ueſire the aſfiſtant to ſtrike 
the prime conductor with the looſe end of the chain 


; this will diſcharge the jar, and give the perſon. 


2 ſhock,” vchich will be fett only in the tooth and 
ee eee 


; Þ . 
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bee and the performing of 


ho not ſucced with them, ,gs.defcribed.in the trea- 
riſes, on eleQricify, | &. they, ary in poſieſ- 


fon of, very gogd inſtruments, jt „aby reaſon, of 


dome circumſtance, or other, | unattended. o, 1 

are quite uſeleſs in their hands. This, indeed, can: 
be remedied by. nothing hut practice, and it is, by 
bas i a eke ien, as well as the prac- 
titionet 10 Any} 75 or {cience, hecomes . ſo good an 
operatotz ö 6% life his inftruments tg: the Heft ad: 


; ee few rules are however very fecelſary 
to guide him in his operations; and although:theſe 


alone are inſufficient to make a petſon a-coraplete 


che actual management of. the pppararuz.they-fa- 
cilizare the,.,uſe; of it and render ahe perſurm· 


anxeſpf the ene ee 5 
ditious, de Nene eien 
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The firlt thing that the young eleftrician, ſnould 
obſerye, is, che pręſetyation and "care bf his in- 
ſtruments. The electrical machine, the coated 
Jars, and in ſhort every part of the electrical appa- 

ratus, ſhould be kept clean, and as free as e | 
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When the weather is elear, and the aib dry, eſpe · 
cially: in clear and froſty weather, the electrical 
machine will alwa ways work well. But when the 

the machine is not fo'power- 


fol! nor in damp wenther; except it be Brot 


into a arm room! ; and che eykgdder, che nd, 
the Jars, ee. be 


made thoroughly ary. 35: Ft iis; 


| NAH i roche 501 1 
Beforeithe machine be uſed; the cylinder ſhould 
be firſt wiped: very clean with u ſoſt linen cloth, 


that ĩs dry, clean, and warm; and afterwards with a 
clean hot flannel, or an old filk handkerchief; this 


done, if che winch be turned, when the prime 
conductor, and other inſtruments, are removed 
from the electrical machine, and the knuckle be 


| held at a little diſtance from the ſurfabe of the cy- 


linder, it will be ſoon perceived that the electric 
fluid comes like a wind from the cylinder to the 
knuckle, and) if the motion be a little continued, 

ſparks, and crackling will ſoon follow. This in- 
dicates chat the machine is in good order, and 


che electrieian may proceed to perform his expe- 


riments! But, if, when the winch is turned for 


ſome time, no wind is felt t upon the knuckle, then 


the fault is, very likely, in the rubber, and to re- 
medy that, uſe the following directions: by un- 


| ſcrewing the: ſcrews on the back of the rubber, 


remove it from its glaſs pillar, and keep it a little 


near the fire, ſo that its ſilk part may be dried? 
take now 4 dry picce of mutton ſuet, or a little 


tallow from a candle, and juſt paſs it over the lea- 


ther of the rubber, then ſptead a ſmall quantity of 
amalgam over it, and force it as much as poſſible. 
into the n n e 5 the rubber 


ug 


* 


- 
. 


AN (ie eg rio 10 


upon the glaſs pillar; let the glaſi eylinder be-wiped 
once are, ee n. is fit. for uſe. 


— the machine will not. Pd", ; 


cauſe the rubber. is not ſufficiently ſupplied with 


electric flyid; which happens when che table, wpon 


which the machine ſtands, and to which: the chain 


of the rubber is connected, is very dry, and conſe- 
quently ina bad conducting ſtate. Even che floor 


aud the walls of the om are, in very dry weather, 
bad conductors, and they cannot ſupply che rubber 


ſufficiently, /:\In chis daſe the boſt expedient is; to 


connect che chain, of the rubber, by means of 2 
long wire, with ſorne moiſt ground, or wick the 


tron work of the ater- pump; by which means the 


ee ere We N Ps 
ee eil b 11 371 


| Wee liitientamantitr.of 3 1 5 Wet any 
accumulated upon the leather of the rubber, and 


the machine does not work very well, then; inſtead of 


putting mare amalgam, it will be ſuffcient to 


take the rubber off, and to ſcrape RS nd, 
ener ua her f e 


It will be often wen kat, gs Ha 
cylinder, after, being -uſed ſome time, contracts 


ſome black ſpots, occationed by the amalgam, or 


ſome foulneſs of the rubber, which grow continu- 
bag larger, and greatly obſtructs its electric pow- 
Theſe ſpots muſt be carefully ee e 


— cylinder muſt heifronuenly _ is eben 
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tn charging, electric jars in general, it muſt be 
obſerved, that every machine will 57 charge them 


equally: high. That machine, wh 


"_ 1 Oe | 12 n 

If Kren dy Ir comical . 8 
Aiden dere is one, that is apt to diſcharge 
very ſooh, then the other jars will Ns Tas be 
diſcharged with chat; although they may be'ca- 
pable of holding a very great charge by 
ſelves: When electric jars are to be diſcharged, 
the elketrician muſt ——— leſt, by ſome eir- 
cumſtahce not adverred to, che och ſhould paſs 


| 12 any part of his body; for an unexpected 
may occaſion ſe⸗ 


chough not very ſtrong, 
veral difagrecable accidents. 


n making the dif- 
„care mult be taken that the diſcharging 


yl 6 | 
tod be not placed on the thinneſt part of the glaſs, 
| for chat may cauſe Fhe e ehe Jar. Au he 


When — 8 discharge, ; jars avill 


be often found broken in it, which burſt at.the 
time of the diſcharge. To remedy this inconve- 
nience take this method, which is, never to diſ- 


charge the battery through a good conductor, ex- 


. cept che circuit be at leaſt five feet long. Mr. 
Nairne ſays that, ever ſince he made uſe of this 
pPrecaution, he has diſcharged a very large battery 


near a hundred times without ever breaking a ſin- 


dle har. whereas before he was * breaking 


elt M tthem, 
8 0 
* 


electric pow- * 
er is the ſtrongeſt, will always 6 58 the jars high- 
eſt; If che coated jars, before they are uſed, be 
made a little warn, they will xeecive, OR 26 


1 


vx 


: 82 


5 till after a number of ſimilar and concurring pe- 


chem. But here x iet be confident that. the 


—. ee Wee, . 


fluid. 
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lengrhof the circuit weakehs the force of the ſhock 
proportionably; the higheſt N of 1 * 


{I 


11 ib didviteadie when 1 jar, and vherialy© 4 
tery has been diſcharged, not to touch its wires 


with the hand, before the diſcharging rod be ap- 
plied to its ſides a ſecond, and even a third time; 


as there generally remains a reſiduum of the 
charge 3 this reſiduum is occalioned/by the elec- 


_ tricity, chat, when the jar is charging, ſpreads it; 
felf orer the uncoated part of the glaſs near the 


coating, which will not be diſchacged at firſt, but 
gradually returns'to the coating airy the Ah 


| charge, ich ene oonſiderable- 


Wben a any experiment is to de perieined. which 
requires butra mall part of the apparatus, the re: 


maining part of it ſhould be placed at a diſtance 


from the machine, the: prime conductor, and. even 
from the table, if that is not very large. Candles, 
particularly, ſhould be placed at à conſiderable 
diſtance from the prime conductor, for the efflu- 


via of their latiſes earty off much 6f the eeftric 


Laſtliy, Ape eee d ga 
ed not to depend on firſt appeurances in electrici- 
ty. A new phenomenon may juſtiy rxcite his 
eurioſity: it is laudable te remark it, and to pur- 
fue the hint; but at the ſame time even the doubt - 
ful aſſertion of a new fact ſhould never be made, 
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s better ſtand 
Kern. the z NE te Le be ch 


tively, In ord 
they are ified 


bock electricites, and the wh 
- which the balls ſeparate,” ahd 
—Þ pel one another the higher i is the charge, 
termine of what kind it is, I rub a ſmall piece of 
- . glaſs (which I carry about me for the purpoſe) 
cite it poſitively, and then preſent i it to the balls in 
their diverging ſtate. If it make the balls con- 
verge and conſequently avoid the glaſs, it ſhews 
chat they are eleftrified poſitively, as well as the 
P 2 On the EY; if it increaſe their di- 
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 rirgents,” Eleerigity. is a ſcience that 1 . 


- ceines dhe ſenſes; | and. tha maſt expericaced, clec- 


_krigian frequently finds himſelf miſtakeg in things, 
he may have before: conbderrd a3 7 
ee en zo Abo; n 


In many sleftrical experiment, ig is very cogye- 0 


ment to have 3 TODO 2 of determinin Mine; whether 


CA ect 
1 8 5 large 


tive; and, 58, it is a matter 


and of e f 17 8 . ab 
Fey, uſeful for boy purpoſes 
9 5 the pith of elder 


li. 74 8 n 5 
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A polittydly or bed. 


ately attrafted by the wirg, and 
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diverge from one afothef. 


inſt my hand, or coat, which I know will ex- 
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order to ny piling the balls, . and : 
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£ vergency, and attract them, it ſhews their elee- 
tricity to be of a kind oppoſite to that "of the 
glaſs, that is, negative. And it muſt be remem- 


© bered, that the electricity of the balls (which do 


Fig. 2. 


not touch, or receive any electricity from the wirez 


of the jar or battery) is always. contrary to that 
with which they are charged for all bodies fac: 


ed within the influence of elefrified en F 
affected with the . . 45 


. 


ſmall porch of e it will be convenient 


to have a very light body, as a piece of a downy 


feather hanging by a ſilken thread, This light 
body, when it is once electrifled, either poſitively 


or negatively, will retain its virtue a lang time, 


. 0 - 4 
CW 3T3L 3 


with very little loſs. If then any body (the elec. 
tricity of which is pnknown), be brought to it, the 
feather will be repelled by it, if it be of the ſame 
kind with its own, and attracted if it be contrary 


to it. The ſilk, by which it is ſuſpended, ſhpuld 
he a ſing a ſingle thread, as it comes from the-worm, or, 
at leaſt, a very fey of thoſe. threads, and we rache 


N be as light as pole: 


PM ww yqyc i vo mu wm = i... oc. 
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2 circular forin, and ſix inches diameter ; the 


upper plate is of braſs, furniſhed with a glaſs han- 


dle I in its center; the under plate is beſt made of 
glaſs, coated on one ſide, with common ſeal- 
ing wax. The manner of uſing this machine is as 
follows: firſt rub the coated fide of the under 
plate A with fine new flannel, or a. hare ſkin, or 
ſtrike it five or fix times with a. knotted filk 
handkerchief, which anſwers full better, and 
when it is excited as much as poſſible, ſet it 

a table, with its wax ſide uppermoſt; and place the 
braſs plate upon it, which touch with your finger 

every time while it is upon it, then take it by the 

glaſs handle I, and apply it often to the knob ef 4 
coated phial, key it will preſently become charged, 
Mr. Cavallo mentions one of theaboye kind which 
he made, with which he charged a coated phial 
ſeveral times (by once exciting) ſo ſtrong as to 
prey a hole 2 f a card at every A" | 


It is remarkable that a they will not 
act well at firſt, but they may be rendered very 
by ſcraping with the 5 of a knife the 
ining gloſſy ſurface of the wax. This ſeems ana- 


logous to the well khown property of glaſs, which 


is, that new cylinders or globes, made for electrical 
purpoſes, are often very bad electrics at firſt; but 
they improve by being worked, that is by haying 
their ſurface A” worn, | | 

If 
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laid with its waxed fide downward, and the glaſs 
uppermoſt, then on making the uſual experiment 

of putting the metal plate on it, and taking the 
| "mM Sc. kl willaben be attended. wi ROY, 
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combined together, ſa that they may all be 

Plate IE charged and diſcharged ond the ſame. time. FG 

Fig. aa enn den Los 15 


" Charging, throwing. an 3 "indy 1 60 
dierte matter upon one fide. of à plate of glaſs, 
or & jar, while che other fide is exhauſted 4p. the 
ſame proportion. All other eleftrie ſubſtances 

we capable of being charged as well as glaſs. 


3 dee, clefiric.. thoſe. condulting ſybſtances 
which are made yſe of to form a communication 
between the two coatings of a charged jar or hat- 
tery. &. and through which the electic 1 

muſt paſs, when the equilibrium between d Fe 
ſides is reſtored by the iſcharge, 36 


'* Coatings plates of metal, or other canbdiing 
"44 ſubſtances, 


. 
* 
0 % - 8 
- 


If after exciting the fealing wax, if the plate be 
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fabſtances, [lid upon plates of glafs, 
clerics, ehe nog: axed argc 


* 3:1: 380 the 1 8 £1 a; r 
1 prime, a SUSIE B ad 
with points, to receive electrie matter from 15 
globe, after it has been excited by friction. 

tot ways 
ttronicdtion with ' the earch by meu of cler 
tric ſubſtances, ſuch "as e, bake wood, Bee: 


Whenever the conduffor is mentioned, e 5 


n muſt always be 1 underſto * I 
Coduiters, or * drt */ e 
42 9 2584 wach the a ll in | 


tranſmitted. They are alſo called non-ele&rics, 


becauſe no. 2 aa A} M. 5 


by friction. 7 5 


? ” 


ing. 
between the-overloaded, and the exhauſted fide, gf 
a glaſs jar, battery, &. by means of conducting 
fubſtances, through which the overplus or charge 
may paſs from the one to the other. When the 
ä Ks e tonhderable, b KH st. 0 


ft 'T 1a * 11 2111 11 SOM wit 1%: 1413 


2913 96: 161 of 55 chant ils e Ani 


Wed Sed . raf Tod: With 2 Küci it price n 
each N very « convenient chr ep Fig. 4. 
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or other 
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be inſulxted, or tut off 800d d ban. 


Dieben, . the ile iy FR 
electric fluid, after it has been diſturbed. by charg- 


It is effected by forming a-communication 
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from the prime conductor, or for diſtharging jus 
or batteries. It is ſotnetimes bent into a ſemicir- 
cular form, in order to bring one of the knobs to 


the outſide, and the other to the vire; communi- 


cating with the inſide of a charged jar, in order 
to > CE? it 5 e the e on = 


4h 


labile matter, 13 8 FRG floid which is K 
poſed to he the cauſe of all, thoſe appearance: 
which are termed electric. It is c alle 
ellrric fire, and ſometimes ether. An dit 


, 4 16 


© Bletivits; ” hoſe bodies in kth erte powers 
of attractions repulſion, &c. may be excited by 


friction. They are alſo called non-conduors, be- 
rn the ele ic e, cannot pals, through 
em. Ne ee „ 


i 18 271 


'* BleBriliteri; nis 10 Heiſufe the . 


gree of electrification; (that is, the 2 of 
electric matter thrown upon any 1 or the f Lig 
of an electrical exploſion. Hg os. 255 

 Ekcithtion, ne act of Aesch kana forth 
cleAric powers from cleQrie ſubſtaiices; bed mean: 
of friction, gun other methods. 


. 


- Iofadativg, PR chart ae 


in contact with any conducting ſubſtance;'-as by 
ſuſpending them in the air by filken ftrings, 
putting them on glaſs ſtands, &c. ſo that the elec- 


tricity they. may e N cannot be con- 
* totheecarth, 
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e up earance -'&f e light iſſuing 
Wan olectriſied poſicvely. * 


hom the the polns 
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"Rubber "br Ab, 4 ala be later; or any 
Gbr ſubſtance, hich the glaſs globe, * 
other electric N in 2 
1 in order wache e ee rh 

11 10 7710 103 nz «£63; 

1 bath, eee, e ceeulken bre to We uni- 

ml muſcies 'by tlie of che klectrie matter 
through them, e adore INT: — a 

rr biliary: e 


Stur, a ange be Ueerie tight from the 
pode of «body dere ve 
ON { ee 
ue f abi, a ju, | or- battery, ee or 
metal roc which goes into the phial, and which 
touches che inſide eating. This ire Is- nn 
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Bee We conclude the ſubject, it uin be 
neceſſary to give ſome rules, in order to ex- 
plain a few P. ee xperitnents of applying me- 

0 el electricity: and firſt, Art ſhould'be attentively 
obſerved, to. apply the ſmalleſt force of 2 
h May pe) ſufficient to remoye, pr to al 
| E one, 00 pe Saſs Bar 

+ ing the proper of 't c 
3 — — e for a f. given diſorder. The 
ſex, and condition, of the patient muſt be duly 
 conlidered y ard, im regard co this point, it is im- 
paſſible ta give any exact and invariable. rules; 
the circumſtances being pf ſuch a natute and:ſ 
various, that long experience and a fttid Attention 
to every particular phenomenon, are the only 
means by Which proper... inſtructions may be 
received. _ The: ſureſt, rule chat can be, giyen 
relating to this particular is to, begin with the-moſt 
gentle trratment; at. leaſt ſuch; chat conlidering 
the conſtitution of the patient, may he. t 
rather weak than ſtrong, When this gentle treat- 
ment has been found. i ineffectual for a few, days, 
which is denoted by the diſeaſe not abating, and 
the application of elefricity not cauſing any ma- 
terial alteration, then the operator may gradually 
increaſe the force of Oy, until * the 


Faber degree of it. i 
10 judging of 1 proper to be efrified, ex- 


| Perience —_ thatin Bar, all kinds of obſtruc- 
tions, 


I wor £m wo. eo. at 
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diſeaſes.” The applicati 


remedy in muſcular contractions. But When any 


9. 
tions, whether of motion, of circulation; or of ſe- B 
cretion, are very often removed or alleviated bß 
electricity · The ſame may alſo be ſaiĩd of nervous 
diſorders; bath Whith include a great värjety af 
tion of electricity has alſs _ 
been found very beneficial in diſeaſes of along . 
ſtanding. It has-likewiſe been found a powerful 


limb of che body is deprived'of motion, it muſt be > 8 


obſerved, that the privation of motion is not al- 
a contraction of the muſcles; 
but that it is oſten occaſioned by a relaxation; 


ways: orignated by 


thus, for inſtance; if the hand is bent inwarilly, ant. 


the patient has no power of ſtraightening it, the 
cauſe of it may be a-weakneſs of the outward muſ- 
cles, as well as a. contraction of the inward ones. 


In ſuch: oaſes ĩt is often difficult, even for good ana. 


tomiſts to diſcover the real cauſe, but the fureſt ©. 


method is to electrify, not only thoſe muſeles 


which are ſuppoſed to be contracted but alſo their 


antagoniſts for to os buns muſcle N 
a 


"Rh e even of Tre holler 


20 means hurtful. e 


relieved, and generally quite cured, by only draw- 


ing the electric fluid with à point from the part, 


or by drawing ſparks from the conductor; the 


operation ſhould. be continued for about four or 


five minutes, repeating it once or twice every day. | 
When ftrong ſhocks are adminiſtered, their great-: 
eſt number ſhould not exceed. a dozen. or fourteen, 


except when they are to be given to e bes 
. „ 
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FO a INTRODUCTION To. 5 
„ avg „The. inſtruments; which; beſides the electrical 
machine and its prime conductor, are neee ſſury for 
© the adæiniſtration of medical electricity may be 
reduced to three, viz. an electric jar, with Mir. 
Lane's electrometer; an inſhlatecꝭ chair, or an in- 


8 r 
e e e ee 


Fig. 4. enen the, elecric. * with: Mk. e 
dern eee, A ee in nt 0e 
are ſent; through any particular part of! the body, 
The ſurface of the jar, which is coated: with tinſdih 
ſhould be about four inches in diameter, andiſix | 
inches high, Which is equal to about ſeventy- des 
ſcquare inches. The braſs wire, which paſſes 
through the covering af the jar, and touches che 
inſiqde coating, has a braſs ball, F, to whikh the 
_ elerometer FN E is faſtened ; and proceeding a 
little farther up, terminates in another brafs ball 
B, which ſhould be ſo high ax to touch the prime 
conductor A, which is ſuppoſed to ſtand: before: the 
electrical machine. The electrometer conſiſia in 
2 glaſs, ſtick F D, cemented to two braſs Caps F 
and D; from the latter of which, a ſtrong perpen 
dicular braſs wire proceeds: the exttenity of which 
domes as high as che center of the Ball- B, and is 
8h ' furniſhed with an horizomal ſpring ſocker, through 
: which the wire C E. having the -brafs- ball C at 
ohe end, and the open ring E at the other, may be 
| gided backwards and forwards, ſo- as to ſet the 
braſs ball C at any diftance from the bal! 
B. This diſtance, at moſtʒ need not be greater 
1 e ee 
29 3 me 
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marked upon che wie CE , 
balls R and; C at a given diſtanes from one an 
ther, with move readineſs and! preuiſton] Now, 
ſuppoſe that the jar is:fet conrigueus tothe prime © 
conductor, tllat is with the bal B touthios the = 
conductor that the ball. C be ſetat one tontfl et an 
inch diſtance from the bali Hg and thar;. bymrans of 
> chain, ai conducting corn i car be forttied 
from E to the'outfidreontingiofthe)jary by! oelmin 
x; - -Lmthis-caſe;/if therele&tical machine he put in 
motion, the jar will be charged and when“ the 
change is ſo high as that the eiectrit fluid amuin˙uui 
lated within the ja can the ball tu C, 
whic have have ſuppoſed to bo one tewch. of inen 
alunder, the diſchange will happen; and 4 park. 
dz ppear between cho ſaid batlyy and clit ft paſſes 
ctrough tie chain x3 f tim part I Diofithe eloe- 
trometer being of glaſs; covered: with 
ſealing wax, it imipertious to electricity cores 
queneiy the electrio fluid has no other way:chrough . 
which it can paſi from the inſidu to tho outfide o 
the glaſs jar. When the ſhoeltz aw to be 
with this. apparatus w any particular part'o 
body, for ihfrance; ie Wer 
chain x; ich müſt nom be taken away; ant wwe 
fender and pliable wires, EL EL. art bg faſt. 
ened, one to the open ring E of the electrometer, 
and to the braſs hook- Hof the ſtand H - which 
communicates with the outſide coating of the 
jar. If the jar has not the ſtand M the extre- 
mity Fof che wire j L may be fimpiy reſted under, 
or may be! tied round iti In ſhort; it muſt be 
Pat! in * with 80 outũde coating of the Jar, 
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in any convenient manner. 
ties of the ſaid wires are faſtened each to the 


beate wire Li and dnt aheliretides KI K I 


Each of thoſe, jnſtruments, juſtly ealled directors, 
conſiſts of a knobbed braſs wire L. which by 
means of a bras cap is cemented to the: 
handle K. The — — holding them by the 
extremity of the glaſs handle, brings their balls 


into contact with the entremities of that part bf - 
the body ol the patient chrough w fich ke defres 
The management and conve- | 


to ſend the ſhock, | 
nienee of this 


are cafily com 


by inſpecting the figure j for when the machine is 
Nc. is ſituatbd as in 


Pparatus, | 
the figure, the diſcharge of the jar muſt be evi- 


in motion, and the 4 


dently made thraugh that part of the patient's 
arm, Which lies ber ven the beet the direc+ 
tors z and the 
| the-michine'Tn motion has nothing more to do, 
but to hold the knobs of the directors to the ex- 


tremities of the arm, or to any other part of the | 


body that is required to be thus eletrified ; always 


taking «care that the two wires E L, I L, do not 


touch each other, becauſe in that caſe the ſhock 
will not paſs through that part of the body which 


is required to be electrified. Thus any number 


of ſhocks, preciſely of che ſame ſtrength, may be 
given, without altering any part of the apparatus, 
or having any farther trouble; and when” the 


\. firengeh of the ſhocks is required to be diminiſh- 
ed or increaſed; it is only neceſſary to diminiſn 


or augment the diſtante between the balls BC, 
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© holds it. 90 bea 200 55% ef 

It is almoſt Erber to mention, an ** 
ſhocks are adminiſtered, it is immaterial whether 
the patient ient ſtands 1 upon the ground, upon the in- 
ſulating ſtool, or in any other ſituation whatever. 
It is neither always neceſſary to remove the cloaths 
from the part that is to be ele&rified, in order to 
let 48 888 of the Yiredtbrs touch he ſkin; F for, 
except the coveri be too many and to0-th 
in which caſe pars of Fg at leaſt ſhould | re- 

moved, the ſhocks then 7-0 
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2 To male Analgom. 


KE ſpelter four ounces, and ae in n 
iron ladle over a fire, then let it cool a little, 
bad ſo as to become quite ſtiff; add to it, 
while in that ſtate, ſix qunces. of mercury, andl ſtir 
them. well up together ;-then turn it out of the 
ladle upon a ſmooth bn one would do 
0 beſt, and grind it with a muller till it b | 
_ fine. tough paſte, which, put into g bor, and It is 
h ready for- uſe... If it ſhould... become, too; hard 


Quo oO e my WOT oO WF 
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WW grnnditagain! with alittle. more mercury; che * 
Is dition of a lictle Laon inay be e . 
IF <0 130 N 2 7 5 N. B. 
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2 at et 0 
4 1 put ot one of bees-wax, boil the 
N e e e 
9 AS. When's globe or cylinder 13 to be {itied, 

it muſt be put into in den, th' a ſufficient hiian- 
tity of the compoſition, broken, and put in the in- 
"og «+: fi e, and when it is melted, it muſt be turned round 
a ry way, in- order it all over equally, 
This Pes has been found to increaſe the electric 
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Aceto Bedlg Ache godleft ne be SD. 
e at animal, a : 4 
Eve fr * Caftriehs,” bnable c ae 5 

neceſſary exerciſes of life; und fince all that Has — 
been © doth Kg and will ere 


mackities, bend 1 8 
eye is the erg, 
| | which vitlon is perforimed; it ; \ 


fed inftriment, and che fun. 
| * 4 therefore it ee 1 
deſcxipriot! t thereof, e e 
Aver To itn Fee, e 4 
fo of which; it obo th6ved any way in its Big: 17 7 ＋ 
ſocket. The fore-patt at A is more convex + 
ce ret. Nis contalnedin three methbranés, the ; 
_ onternioft N the Nelertricr; tlie ſeconc che * re? - 
irRded; che Fore-Part of it is cilfec the Bir, which 
cen «of any fbres fike fo any , The © 
third or innermoſt.is called the Renta, 
e | Oo N — 27585 , thing | | | 
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. - thing but the optic nerve, ha over the bottom 
"y of the eye. N 


— 


In theſe rad 6 hs downs 4 


eye; the firſt is HAI, called the Aqueous hu- 


mour, which is a thin liquor like water. The ſe- 
cond is F G the Chriftalline, in the form of a lens, 
more convex behind, towards C. Adjoining to this 
the third K L. called the Vitreous rb 


The chriftaline is more denſe 4. the — 


andi the vitreous more denſe than the aqueous hu- 


-* mour, and altogether make a compound lens, 

which refract the rays of light, iſſuing from an 
object P R, to the bottom of the eye, and their 
Paints its e u tris focus N che retina 


inverted. FP i err 


R 4 * ' — 


"The 10 5 EY the NN as is - a. | 


il and ſo is that of the vitreous. The fore- 

of the ſclerotica is called the Cornea, and that part 

adjoining tc to it, is called the Ius of the eye. 
Within the cornea is a coat called the Uvea; in the 


middle of this is a hole O called the Pupil, to let 


in the rays of light. And the pupil i is con 
or dilated by ſeveral muſcular fibres. in the uvea 
or itis, according as more or leſs light falls on 552 


* 985 and chat by an involuntary. motion. 


5 ee e eee 


che common ſenſorium i in the brain, where theſe, 
images are perceived. This is not in che mid- 
dle of the eye, but WES POOP hee Bs ed: 
is towards the noſe. .. { 436 4 | ' $1 1 


— . 
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„ © 44 4 
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W directed to any odject. 


388 KS AA R 


© USEFUL” KNOWLEDGE. 

Round the edge of the chriſtalline FG is aring 
..of fibres, By help” of which the diſtance A C is 
made longer or ſhorter, in order to bring the 
image p r upon the retina, for deſtinct viſion And 
perhaps theſe fibres alſo make the chriſtaline more 
or leſs convex at the ſame time. This ring of 
| fibres is called the Ligamentum ciliare; and its back 
part is black, to ite the ea eg 
upon it. | 


1 m e pe in the head by ſeveral if 


cles inſerted in the ſclerotica, fo that it my be 


If the image of an object des der fall aponithe | 


* we 


— 
* 
1 
A. 
4 
* 
* . 


retina at p t, the viſion will be confuſed. it 


fall hort, or nearer F G; then a concave lens that 
makes the rays more diverging will bring them to 
the retina. - This is the caſe of purblind or ſhort- 
ſighted people, who are forced to look very near 
an oo or elſe op for muſt 1 concave pers 


eee 40 ox wies ci they 1 e | 


retina, as in moſt old people; then a common 
convex lens of a due force, held between the eye 
and the object, will make them con , and fall 
upon the retina. - Therefore e es ow 
muſt uſe: Convex ſpefuickes. © 


Although the image 3 Invereed in We 
eye, yer we judge it rot; becauſe we alyays find | 
eee N 
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But that wien is effected in this manger, 
may be demonſtrated - experimentally, Take g 
 bullock's eye whillt it is freſh, and having cut off 


the three coats from the back park, quite do the 


vitreous humour, put a piece of white paper oxer 


that part, and hald the exe towards any bright ab- 
ect, and ou will nnn 
5 Jet e the naher. 52 


Seeing the image is inverted, many hape won - 


| gered why che object appears upright, But we 
are to conſider, 1. That inyerted is only agelatiye 


term: and 2, That there js: a very great difference 
between the real object and the means or image by 
which we perceive it. When all che parts of a diſ- 
tant proſpect are painted upon the retina, they are 
all right with reſpect to one another, as well as the 


parts of the proſpect inſelf; and we can only judge 


of an okject'ʒ being inxerted, when it is turned re: 


verſe · to its natural poſition, with reſpect to other 
bob bjects which wwe ſee and compare it with. If we lx 
hold of an upright ſtick in the dark, we can tell which 


is the upper or lower part of it, by moving our hand 
upward or downward; and knov' very yell that we 
cannot feel the upper and by meving our hand 


downward. Juſt ſo we find hy experience, that upon 


directing our eyes towards a call object, we cannot 

ſee ats top by turning aur eyes. downwerd, nor its 
foot by turning our eyes upward; but muſt trace 
the object the ſame way by the eye to ſee it from 


head to foot, as we do by the hand to feel t and 


is the judgment is informed by the motion of che 
hand in one caſe, ſo it is * mation of the 
7 in the other. * 


9 44 


ee cc cw 3H wa 


"24 © +84 ps wo oheis ws 


= 


7 7 n 


re 


USEFUL XNOWLEDGE. 


of the ſame object tb in | learnt places; 


The eye is in reality aljty no more chan a camera 


obſcura, for the rays of F flowing from all che 


iots of an object, throu ph the pupil of the eye 


do by the 1 of i humours of the eye,” | 
paint the image thereof in the bottom of the eye, 


juſt ſo it is in the camera obſcura, where all the rays 
refradted by a dens jo the window-ſhut, or paſſing 


e eee eee 
E 1 1 


iſt. The e ſee 2 very Fnall part. of 
an object diſtinctly at once. For the collateral 


of an obje@t are not repreſented diſtinctiyß 


in the eye; and therefore the eye is forced to cen 


| itſelf ſucceſſively eo ehe ſeveral parts of che object 


it wants to view, that · they may fall near the axis 
of the eye, ee e e 
formed | 


bd 


2d. "When any point — fee the | 


ſtinctly with both eyes, the axis of both eyes are 
directed to chat point and mect there. And 
then the object appears ſingle, though looked at 
with boch eyes. For the optic nerves are ſo framed, 


that they eorreſpondent parts in both eyes, lead to 
the ſame place in the brain, and give but one ſen- 


fation; and the image wi YES as "I 


through a {mall bole in it, paint the image on the. 


Che düntiitem of images avehethotdinncf db 5 

2 as pr, axe proportional to the angles whach - 
the objects fubrend at the eye, as P O N, the ſame 
s in à ffens; dre . dee g 


| ' v with both eyes as with one, But if the. axis of 
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both eyes are not directed to the object, that ob- 
ject will appear double, as the pictures in the two 
eyes do not fall upon eee or | fimilar 
> parts of the retina. 9 7 5 


3d. The beſt eye can hardly Aitinguiſh a parti- 
cle of matter that ſubtends at the eye, an angle 
| leſs than half a minute. And very few can diſtinguiſn 
it hen it ſubtends a minute. If the diſtance of two 
ſtars in the heavens be no not r than a, 
they will appear as one. 5 


4th. Young people can ſee nearer hand than 
old people; for as men grow old their eyes grow 
fatter ; and to correct the rays of light at the reti- 
na, the object muſt be placed further off. And 
this is the reaſon that ſhort-ſighted people as they 
| grow older ſec at a greater diſtance, 


sth. Though men may ſee diſtinctly at different 
diſtances, by altering the poſition and figure of 
the 'chriſtalline, yet they can only ſee diſtinctiy 
within certain limits, and nearer than that, objects 
appear confuſed. But theſe limits are not the ſame 
in different people. A good eye can fee diſtinctlix 
when the rays fall parallel upon it; and then the 
principal focus is at the bottom of the eye. 


Sth. If a good eye views an object at the leaſt 
diſtance, it can be ſeen diſtinctly, and then at twice 
that diſtance, and then at an infinite diſtance; 
there is about the ſame alteration made in the 
figure of the eye, between the two laſt caſes, as | 


* uu a on. M& ooo FO OO —_ 


; e is between the two firſt, [5 . J 
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ch. If a ſhort-ſighted perſon can ſee an object 


Aiſtinly at two diſtances, whereof one is double 
the other. As great an alteration muſt be made 


in the figure of their eyes to ſee it at an infinite 


diſtance, as there was made for. the firſt two 
diſtances; or as great an alteration as is made in a 


good eye to ſee diſtinctly from the greater diſtance 


to infinity. And therefore a ſhort-ſighted perſon 
can ſee diſtinctly at all diſtances with a ſingle con- 
cave glaſs, of a proper figure. And hence the 
cauſe of ſhort-ſightedneſs is not a want of power 
to change the figure of the eye ; but that change 
is not great enough to accommodate it to all 
een taken from a pane ſo near the eye. 


8th: Ar man can «nds of a ſmall diſtance with. 
a ſingle eye, by frequently obſerving how much 
variation is made in the eye to make the object | 


diſtin ; and from this a habit of judging is ac- 
quired, But this cannot be done at great diſtances, 


. becauſe, though the diſtance be varied, the Lage 
in the eye becomes then * 14 


gth. But a man can Tfodge of greater aden 


the eyes being at a diſtance from one another, as 
long as that diſtance has a ſenſible proportion to 
the diſtance of the object, one gets a habit of 
judging, by the poſition of the axis of the eyes, 
which are always dire&ed to that point. For dif- 


ferent diſtances require different poſitions of the 


axis, Which- depends on the motions of the eyes 


judgment can be made from the motion of the 


eyes, 


with both eyes, than he can with one eye. For 


which we feel. " Bur 3 in very great diſtances, no 


103 
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eyes, or cheir imevma} parte. Therefdt "=P 
only gueſs at the diſtances e e 
wy nnen 


| ieh Whatever light falls ee chiw- paſt nf 
the retina, where the optic nerve Dy ſprings; males 
© hos iriiproſiion ; and ehoreſ6rs; if {xo pidbure'6f an 
"jo nummern ache anch w thit 
+ object is is inviſible Fhis will appear by placing 
© ſmull bright object Before yu, and lock ing at 
it with. dne eye, and moving one ce le wally is. 
fide (towards the left; if it be 
the right eye), cs object wilt diſappear; - an@ ſeem 
Er 
Fear: | Now this place is not at the bottom 
of the opt, bor nearer ths noſe in boch of them; 
A ; ay led, cad fall open lab place in 
2 fo that any olg ect we direct the eyes 
16; will always be viſibley ac leaf to on dye. Bit 
the me brighs e oxy be ade egen 
a point a little beyond the noſe, to be found by 
— ee: 


rlick, Dimneſs of fight generally attend old 
| people; and this titzy'arito from tue cauſes; 1. by 
the eyes growing flat, and not uniting-the rays at 
| the retinas which cauſes indiſtinctneſs of viſion ; 
or, 2. By the opacity of the humoum of the eye, 
whictein um loſe their tranſparency in Came de. 
ges; from whenee it follows that A great deal of 
: NNN CE EIA and 
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12. As the rays of light flowing from an object, 
and painting its image upon the retina, is the im- 
mediate cauſe of ſeeing. So where there is no 
light, there can be no yiſion 1 conſequently with- 
out light, the eye becomes a machine utterly uſe- 
leſs , as it can giye us no manner of information 
of the exiſtence of bodies at a diſtance from us. 
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ni ene rr 
i. FYPTICS is a ſcience which teaches the 
nature, properties, and laws of Viſion, 
ariſing from the rays. of light, either refleFed from 
the ſurfaces, of bodies, or refraed in paſſing 
through, them, and painting the images of ob- 
jets on the Retina on the bottom of the eye. 
Alſo this ſcience; in it's moſt extenſive accepta- 
tion, comprehends the whole doctrine of Light 
and. Colours, and all the Phenomena or appearances 
of wifible Objefts, Optics, therefore, conſiſteth 
of three parts, viz. Catoptrics, Dioptrics, and 
Cbromatics. . 1 bp 


ESSE AAS 


3 LL 24 


2. Catoptrics is that part which treats of Reflex 
Viſion, or all that relates to the viewing of ob- 
jects by light refletted from the ſurfaces of bodies, 
whether plain, convex, conrave, or otherwiſe ; and 
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in rays: ret covering, Wee 


wee 2 ä 
. "I 31. 558 1 
Bir 515 bers of the” : fees of x | 
EL. arifing from rays alin through traf Nuh , 
parent Media or bodies, as fi, Water, Chefs, Chr 
fetal, Diamond, Kc. < 


— 


* 


4. Chromatics treats of the Colours of light and 
natural bodies. Of this part Sir Jaac e 
_—_ almoſt entirely nf. 5 


3. Light i is $ that #4 roperty of x os bodies by 
which objects are rendered vifble,. or capable of 
being ſeen by the eye. It conſiſts of very ſmall 


articles which iſſue from the luminous body's in 


9291191 1 
lines. | 11 
1 27171711 | . 


6. Ripe or Bits 65 | ger ee thoſe irams or 
ertrartations of tight, which proceed from the lu- 
minous body; I or b * ob- 


„ 
* 
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. be N. 


a RET, or from which cd the 95 las 
| under conſkletation at any time. n 
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8. The Species «> an object i is the image or ke⸗ 
preſentation thereof, made by the rays Fr light in 
— place ene erer „b 

E 7 } th: 42 Noi 

9. Baralleb-rays,: are ſuch 2s; \procecd - equally 

diftant from each: other through all their oo T 
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as thoſe from the * 7s. other. wall diſtant Fig 2. 
Wes. u le 


10. Crrterging rays are ſuch as, proceeding 
from a body, approach nearer and nearer together | 
in their progreſs, tending to one certain point, 
"where they all unite; thus, che rays proceeding 
from the object A Nude Point F nn 10 fg 3 
ae ede 21. 


11. Diverging rays are. thoſe, 3 os 

from any point, as A, do-conginually recede from r. 4 
each other as they a along in their courſe wares 

B C. 


12. The FLA of Rays ! is that paint to which 
all converging rays tend, and in which they unite 
and interſe& each other; as the point F. And Fig. 3. 
this is called the Real Focus; but 


13. The Virtual or imaginary Focus, is a point, 
as f, ta which the rays A B tend, and where they Fig. 5. 
would unite, ' were they not intercepted by the ob- 
ſtacle (ſuppoſe a mirrour) C D; by which means 
they are turned aſide, and made to converge in 
their Real Focss F. { 


I4. RefleBion of rays is their Regref or Return- | 
ing from the ſurface of ſuch bodies on which they 
fall, and cannot penetrate: or enter. Thus the 
ray BC falling on the ſurface A D, is reflect- pig. 6. 
or turned back or up again in the * 
| p $75, 2 21 ge The 


reflecting point, or ſurface, is ſituated, as 'A 5 
l and ad. Da 22 N | : 
; Qt 1 i Niger 10 Ft 
16; Ape i r 


lſhed, as to be impervious to the rays of light 
which fall on them, and which therefore they 
reflect ſo entirely, as to repreſent the Nager of 


F 6. 


Fi. 7. 


Object oppoſed to them. Theſe are . 
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15. The Plane of Ramin, is that in wich the | 


whoſe ſurfaces are ſo very ſmooth; and fine po- 


er 


made of metal, or glaſs poliſhed on one fide,” an 


quickſilvered on the ocker r A are F Either Fry 


r or concave. N 


77 Plain 3 are thoſe whoſe FOR are 
perfect Planes, and whoſe ſection is a Praiyht Line, 


6. as AD. Note, n 
1 8 Glaſſes. 7 | 


* 


18. Convex e are ſuch whoſe . do 
every way equally and uniformly, riſe, above the 
plane of their baſes or loweſt parts; the ſection 
of which ſort of mirrour is à Curve, either 
Circular, Elliptical, Parabolical, or Hyperbolical. 
Whbere A D is a Greater Eon, and the Mirrour 


is the ſegment-of a Globe, or "Spherical ſurface, 


which are moſt of. common uſe. , * 


x 


59 a Ave are 928 whale farfaces 


ſink down with an uniform hollowneſs or curvity, 


F 


below the upper parts A D, and whoſe ſection 


alſo is a Curve, as various as the convex above; 
bas A: T1 is circular, and . ſurface the inter- 


mal 
_ 


7: are." rh6fe bodies: 


S Ger 2 C 0 = 


802 


—my 
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20. | The N 91 is i colds Fun * 
any object, and falls on the reflefting 1 Pee as ee 4 


C; "and C E is the rleted N., I F 


21. The Angle of Juehfmeia thus which i am 755 
Es? between the incident Ray B C, and a pers. 
pendicular to the refjecting ſurface in the point of n 
refletion F C, viz. the ange n CFH. R | 


22. The Angle of Refleftion is eee 4 
tween the Taid perpendicular F 5 Wee reflected | Fig. 6. 
ray C E; viz. Nn bob Ee TO 


23. Sten ef beg, in, .f bell best w. 
turned out of their firſt courſe; in paſſing out of 


one Medium into another. Let A D HI be A Fig. „ 


body of Mater, A D it's furfaee, C a point in 

which a ray of light B C (in the air) begins W 5A 
enter the ſame; this ray, by the greater denſity of 

the water, wilt be refiſted; and inſtead of paſſing 
ſtraight forwards in it's firſt direction to K, it will 

be bent therefrom, and made to deſcribe the tract 
CE, which is called the refrafed Ray, -. Let F'G 


de drawn perpendicular to the ſurface of the me- 


dium in C, then it is plain the ray B C in paſſing 
out of a rarer Medium (viz. of Air) into a denſer 
Medium, (viz. of Water) is refracted into a ray 


CE, which is neater to the perpendicular C G, 


than the incident Ray; and, on the contrary, the 5 
ſay EC paſſing out of a denſer into a rarer Medium, _ 


Will 
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will be rafracted into CB, which is farther from 
theperpendicular. e 


24. The Angle. BC Fi is the angle of Incidence, 
as before; and F C G1 is, the angle of RefraZFion, 
as being contained between the refracted ray 0 F, 
and the perpendicular C G, | 


T 


25. A Lens is a medium, ef Glaſtcof 
Cores form to fel or . the rays of light 
vflich paſs through it. 'theſe there be Various 


forms, and which, from thence, reeeiye 
names. As. 


26. A Nas eise, ich back one Hide pain 


Fig. 10; the other ſpherical or canvex ; as A... 1 


27. A Plano+ Concave, biene vn * 
cave on e 2s B. | 


"as, A Deg Dum, is ane; Canon on both: 


25 58. C. 


\ 


29. A Double an. is one. ae. an o both 


ales D. ; 11 


30. 4 . is one Cunver on one lg, and 


Concave on the other; as E. 


31. A Plam Glaſs, which 1 is flat on both ſides, 


and of equal, e e a ity parts e 


3 2. A Plat Planu- w whoſe onden ſide i is 
. into ſeveral 32 rein ee 


* 


33.K 


— T— — . ˙  — 
* 


. 


| 
| 


Y- 
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3 3 A Priſm, with three flat ſides, and when 
viewed on” en appears like an equilateral tri- 
gies n bor, 16200 Yo vr Ming ws 


THC.) 


36: manga imo any of the mapes A B 
CD E, are called fees, 40d ze g or 
tally through the middle, I K, is called the axis of 
the lens. * n en *7 «7 45 rtr T 
2. 9.328 Nit: 155 27 20 F: er 38 1 ö 


35 Tha Fexrof's. eine e 9.11 
is the middle poim V/ * S 


from it's baſe. 


36. een fungen Eenr is che ritzhe | 
line E D, dra the vettex V, ard the 
center ©, on whit 2 95; DA = * ) 


Ait zug ent jo 1191-993 to: o y;; "©: 
u. Ie ved ehm l i. tet Welck iy - 
ee pits 20 right! lines drawn: freu 
the extreme points of an object ts the eye; chu. 
A E Nor C E'D4sthe O gl, or tliut under Fig, 15 
which the Wett A ECO e - | 


at E. 
rd g ka 35% 7 PRO 7 Lola act sti 71 
. A Han of rays isa dbuble coli ofraysy as 
EL O' NF: IL, joined together at! the baſt in the Fig. 13 
Las IL N.; of which. one c ILO: N has it's 
verten ini ſbme point of un object, as ht Oy; and 
the other dhe. F NH has icin vertex in the point 


of - convergence; orf HH. be middle link Q; 
F is called the. Auis of iar pencil. 1 Lich ae 
ö tap lu beine hu, I my Simm 
| TET 410. . 97 i” Arge 91 * ** od 70 . 
Demo i aiidy or acrulygs ole ries yoo: © 
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«+4 1210 » 4 N 45 2 .* =: "44 * + = 4 * 
2 > ' lv We TORAZS + 
% * 


of tbe gratlicel } Part * STE with ar 7 ER 
48 will be. ſufficient, n W of 
eee e ee fls Ls; 
$390 241-5 (1-257 1 
"HAT 1 "hab 1 5 to 1h 9 — AS the 
practical part of opticy, is chiefly intended 
-; for thofe whoſe curiofity/and | ingeniiity ray dead 
them to make N uud in this noble 


ſcience. | * 20 Mr, 


770 Fhis part of. optics. has. always been kept as.ſe- 
cret as poſſible by pe ple who 5 80 ie their buſi- 
neſs, and the prices o optical inſtruments being 
partly out of the 4 of any, but ſuch as are 
poſſeſſeq of independent fortunes. By whictrmeans, 
ſome thouſands of i ingenious enquirers have been 
deprived from viewing the glorious works of na- 
ture, which affords ſuch an amazing field for o. cons 
2 ene and amuſe eng. A 5 do 2:11 i 


It has been attended with great expence, ad 
eee diligence; for me to gain the little know- 
ledge I have cf this art, arid which, I ſhall freely 
communicate to the public, in as plain 4 nianner 
as E poſſibly can; in order to do this, I ſhall deſ- 
eribe both the internal and external parts, as far 

| as che conſtruction and uſe requires, of every ma- 
chine I ſhall have orcaſion to treat of; at the 
ſame time, I would particularly recommend to 
every one who wiſh to make ſome proficiency in 


Malen to a eloſe application of the mathematics, as 
that 


F aero. 


2 


ihe whowinbor. 7 


chat is the only means er any ons can ut. 
tain to a true knowledge of its theory. 


My deire allo is to make people ſehiible of che 
pleaſure and information the microſcope, and. te- 
leſcope can afford, and inſtruct them how to ma- 
nage as well as make theſe machines; likewiſe ex- 
plain the effects of glaſſes on the. aght, and lead . 
them gradually i into the nature, uſe, and magnify- 
ing powers of theſe inſtruments, as well as the 


method of caſting, grinding; paliſhing of. Wo” 2 5 


lums 5 glaſſes. 


bf $PECTUCEES. 


it, from * to the eye, in- 4 ſtraight direction, 


and parallel to each other; and, conſequently, 


the objects appear very little either diminiſhed, or 
enlarged, or nearer, or farther off, than to the 
naked eye. But if the glaſs they are ſeen through 
has any 
directed from the circumference towards the cen- 
* in an angle proportionable to the convexity 


of the glaſs, and meet in a point, at a greater or 
leſs diſtance from the glaſs, as it is leſs or more 


convxex © THis pong where the mys meet is 
"RF Q. 2 called 


HEN objis are ſeen through 4 perfectly 
flat glaſs, the rays of light paſs through 


e of convexity, wi tays of light are 


* 
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called the focus! and this focus is neater or 


farther off, according to. the convexity, of 'the 
glaſs; for as a little convexity throws i it to a con- 


- fiderable diſtance, when the convexity is much, | 


the focus is very near. Its magnifying power i$ 
alſo in the ſame proportion to the convexity : for 
as a flat glaſs magnifies ſcarce at all, the leſs a glaſs 
departs from flatneſs, the leſs of courſe it magni- 


ſies; and the more it approaches towards a glo- 
bular figure, the nearer its focus? is, and the more 


Its magnifying power. 


Peoples: different length of Gght 3 on 
the ſame principle, and ariſes from a more or leſs 


convexity of the cornea and chryſtalline humour 


of the eye; the rounder theſe are, the nearer will 


the focus or point of meeting rays be, and the 


nearer an object muſt be brought to ſee it well. 


The caſe of ſhort-ſighted people is only an over- 


roundneſs of the eye, which makes a very near 
focus ; and that of old people is a ſinking or flat- 
tening of the eye, whereby the focus is thrown to 
a great diſtance : ſo that the former may pro- 
perly\be called eyes of too ſhort, and the latter 
eyes of too long a focus. Hence too, the remedy 


for the laſt is a convex glaſs, to ſupply the want 
of convexity in the eye itſelf, and bring the rays | 


to a ſhorter focus; whereas a concave. glaſs is 
needful for the firſt, to ſcatter the rays, 50 pre- 
vent their coming. to a Powe too ſoon. 


Nothing is more common than to avs old 


people holding objects they would examine at a 


great diſtance from them, for the reaſon above- 
mentioned; | 


wh wed a PO_ YH ry 1 . 1 8 


— 


— 
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peop ple cannot diſtinguiſh any thing without bring- 
ing it very near their eyes.. Both extremes are 


inconvenient ; but thoſe whoſe eyes are flat 'by © | 


nage, ſhould remember with ſatisfaction, that they * 
have enjoyed the pleaſure of them for many years; 


and the ſhort- ſighted may comfort themſelves, 
that they can diſtinguiſh much ſmaller objects 
than long ſighted people: for the object is mag- 
nified in proportion to the roundneſs of the eye 


and the nearneſs of the focus, and conſequently 


appears four times as big to an eye whoſe focus is 
but four inches off, as it does to one whoſe focal 
diſtance is at eight inches. Short ſighted people 


have alſo this farther advantage, that age im- 
proves their eyes, by the fame means it impairs 


other propies, chat i is, by making chem more flat. 


The nearer any object can be EXE to ae 0 
eye, the larger will be the angle under which it 


appears, and the more it will be magnified.” Now, 
that diſtance from the naked eye, where the 'ge- 


ys of people are ſuppoſed to ſee {mall ob- 
ects beſt, is, at about ſix inches; conſequently, - 

wha ſuch objects are brought nearer than ſix 

inches, they'll become leſs diſtinct; and if to four 


or three, they will fcarce be ſeen at all. But by 
the help of convex glaſſes we are enabled to view 


things, clearly, at much ſhorter diſtances than 


theſe : for the nature of a convex lens is, to ren- 
der an object diſtinctly viſible to the eye at the 
diſtance of its focus; herefore the ſmaller a 
lens is, and the more its convexity, the nearer 
is its * and the more its in power. 


9 8 Now, 


"7 WS | 


| 15 
e and every body knows, Mort- f ghted X60 


—_ . 


"8 ek Api io” 1 3s . 
diſtinct; but, beyond the eye as my f. Conſe⸗ 
"ory thoſe rays which flow fram the object 
paſs through the humours of the eye 

are not converged enough to unite at d; and q 
therefore the obſerver can haye but a very indiſtint | 
view. of the object. This is remedied by placing 
a conyex glaſs g h, of 2 proper focus, before the 
eye, which makes the rays conyerge ſooner, and 

. imprints the i image duly on the retina at d. 


If either the cornea, or chyyſtalline WESLEY or 
: both of them, be too convex, as in the eye f, the 
rays that enter in from the object C, will be con- 
to a focus in the vitreous humour, as at f, 
and by diverging from thence to the retina, will 
form a very confuſed. image thereon i and fo, of 
courſe, the obſerver will have as confuſed a view 
of the object, 28 if his eye had been tod flat. 
This inconvenience is remedied by placing a con- 
cave glaſs g h before the eye; which. glaſs, by 
cCauſing the rays to diverge between it and the eye, 
llengthens the focal diſtance ſo; that if the glaſs bo 
properly choſen, the. rays will unite at the retina, 


Fc 


8 glaſſes. are put in frames for ſpectacles, 
their frames ought not to be ſtraight, ſo as both 

_ eyes may be as the ſame plane; but they aught to 
be ſo bent in the middle, that the axis * 

| — * 4 


ren n 


. 
* 
o 
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chis means the eyes will fall 


2 B WEL SS 2A : 


iy W | Ne 
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Ro ˙ · #0 hs pak "at fuch a 
diſtance as you generally look with ſpeRtacles. By 
perpendicular upon 
both glaſſes, and make the object appear diſtinct. 
But if they fall obliquely upon the glaſſes, it will 
cauſe 2 confuſed appearance in the objects, there- 
fore, the ſhape af the frame ought to be as repre- 


| card when AB i te pln a nega i fund, re. 5 
and C'D the other.” 1 — 


Spetbocles r the moſt whefutopricatmackinein 
the world. Few people that grows into years, but 
have occaſion for them to help their defective 
„ 
e 
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NE wc ee e an ene 
for viewing very ſmall objects. I have be- 
ſoee observed, that nature has ſo formed the hu- 
man eye, that we can't diſtinctly view an object at 
a nearer diſtance than fix inches; and fince there 
is an infinity of objects, which at that diſtance ap- 
pear either as points, or are wholly imperceptible, 


_ whatſoever inſtrument or contrivance wilt render 


fuch minute objects viſible and diſtinet, we of. 46a 


ns. 
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It is uſual to ſay, that the microſcope magni- 


fies objects ſeen through it; but this is true only 
with regard to the apparent; not the real magni- 


_ © tude of objects; they indeed appear to be larger 


Will appear to be as much larger through the lens, 


with than without a microſcope, but, in truth they 
are not; and the reaſon why they appear to be 

magnified will be eaſy to apprehend by any per- 
the 1 85 an» 


ſon who underſtands * nature 1915 
gle, | 


The apparent ea of dbjetty is N 


by the angle which they are ſeen under by the eye; and 


thoſe angles are reciprocally as the diſtances from 


the eye. If therefore, at the diſtance of ſix inches, 


I can but juſt diſcern an object, and then by in- | 


terpoſing a lens, or other body, I can come to view 
that very object at a nearer diſtance, the object 


than before to the naked eye, as its diſtance 


from the lens is leſs than its diſtance from the 
eye. 8 3 


That this is the caſe, is evident, from where A 


is a point in an object not clearly viſible to the 


naked eye, at a leſs diſtance than A B, becauſe the 


rays which proceed from it are too divergent to 
admit of diſtinct viſion till they have paſſed that 


_ diſtance; but if the ſame. object be placed in the 


focus C of the lens D, the rays which proceed 
from it will become parallel, by paſſing through the 


ſaid lens, and therefore the object is diſtinctly viſi- 


Wa. Pro af 


ble to the eye E, placed. any where before the lens 


— 


gregor 


D. enen it will PRs as much larger 
| „„ „„ rough 


8 58282 4 © 
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through the lens than to the nakedeeye; uch 


is leſs than A B. 


If an obje&& AB be plated. in one oem fg, 4. 
alem DE. and the eye in the other focus F, the 


eye will ſee juſt ſo much of the object as is equal 
to the diameter of the lens; for the rays A D and 
B E, which go from the object to the extremities 
of the lens D and E, and are united at the focus F, 


muſt n&cefarily proceed from tile object to the 


lens parallel to the axis F C, and therefore parallel 
to each other; conſequently the part of the object 
AB, ſeen by the rays NF, E FE, will ee 
the diameter DE of the ſaid lens. 


ook the part de of che lens "ae 8 then 
only ſo much of the object a b, as is equal thereto, 
will be perceived by the eye. Now ſince A B is 
equal to D E, or ab to de, therefore the angle 
DFE, or d Fe, is the optic angle under which 
the part of the object A B or a b appears to the 
eye at F; and ſince G F is but one half F C, 
therefore the angle D F E, or d Fe, is double to 
that under which the part AB or a b would ap- 


pear to the naked eye at the diſtance FC: that 


is, the eye ſees the object, ſituate as above, twice 
28 1 wich the lens as it would © without | It. 


If you would FR a portion of an obje 3 
than the lens, your eye muſt be placed nearer the 


lens than its focus, Let the lens be D E, its two pig, 3. 


foci F and C; in the focus C let there be an object 
AB larger than the lens en the rays A P, 
- BE, 


0 A anbaie be Ae tas 7 
thoſe of the lens, it is evident from the figure they 
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will be convergent, and therefore will by the lens 
be united in a point K, between the lens DE, and 


ita focus E: if then the eye beplaced at K, it will 


tale into its vie an object, or portion of an ob: 
Maar ee N e 


3 potts HE wht FMT 
x WE, draw G , ge which. 
and-rherefbre wt be unit- 
e farther diſtanmt from the Tens” chan 


the focus F: hence; H an oe be Ales dae 
from the lens dien Ke Wert diftance; it can never 


ſee any object, or part of an object, at one view, 
ſo large as the lens; bir always 
verſually, the viſible part of an object will be to the 
lem, as che e /} Fenn 
ee. 2 . 


ſmaller. And uni- 


Since then it is kth 57 „ bhdes 


lens 1 8 5 will render an object diſtinctly vifi- 
ble to the eye, 
fon why they are uſed as microfcopes is exceeding 


at the diſtance of its focus, the rea · 


AB tas fig: 2.) be6 


plan. For 


inches, where the naked eye B, ean but juſt perceive 
the object A diſtinctly, and let the focal diſtanoe CD 
of the lens D be half an inch; then ſince . is 
but one twelfth of A B the length of the 5 
| C, will appear twelve times as large as at A; IK 
vere a ſurface, it would be one hundred and forty- 

mee greats iy oh 1 ran 


* | 1 # 
* 
* 


* 
* — ; 


bent weptebes. 


one foutth part of an wks. then. 


are the ſqtiare 


whick hive. thefe Ta 


in lint” toom, may. be carried about any 
are to be Hat ee and ne ma a 


tobe dee 


RS 
is herd A B is 4 <ireutar piece of wood; ivory, © 


&c. in the middle of which is & ſmall hole, one 


twentieth of an inch diameter; upon this hole is 


ſtred, with a wire, a ſmall lens C, whoſe focal 
diſtince- is C D. At that diſtance is a pair 


of the fliding ſcrew as in the figure, and opened 
by means of the two little ſtuds à, e; with theſe 


the eye plated in the other focus of the lens at F. 


And accosding to the focal length of che lens, 
as repreſented at I M. If the focal length be half 
or one _.. foutth.. of an inch, the length; ſu face, 
e n be magnified-as: befote'- _ 


pear. more or leis magnified; 


O wilt ap 


deſcribed, 


1 


of 
plyers D E, whick may de adjuſted by means 


vou take up any ſmall object O, and view it with -- 


15 0 5 45 0 ce Rs OY h 5 

WII chat be but 
one twenty-fourth. of A B, equal ſix inches, and ſo EL 
the length of objects will be magnified twenty=  - 
four times ;. the ſurface five hundred and ſeventy- . -* 
fix tin&s, andthe faliclity thirteen thotfand eight 
hundred and werty-fotr titnes, for thoſe numbers 
and cube of twenty - four. From 
whence” it appeurs, | that firigle glaſs lenſes trials 
_ yery 1 on 
where; 


” 
_ 
. 


8 


= * " * 
n i + 
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a caſe, and carried about in the pocket without 
any incumbrance. I have made trial of various 


AN inTRODUCTION To 
deſcribed; This ſmall inftrument may be put into 


lenſes, and find thoſe whoſe focal len 


gths are 


+ + and five tenths of an inch, tlie beſt lot 
' common uſe. | 


| 


v5 We the nearer the eye can b approach to an 
object, the larger it appears, it is plain a double 


and equally convex lens is far preferable to a pla- 


no- convex lens; becauſe if the Care or convexity 


be the ſame, the focal length of the former, is but 


half as long as of the latter: and ſince the double 
convex conſiſt of two ſegments of a ſphere, the 
more an object is to be magnified, the greater muſt 


be the convexity, and therefore the ſmaller the 
ſphere ; till at laſt the utmoſt degree of magni- 
fying will require that theſe ſegments become 
hemiſpheres, and conſequently the lens will 
be reduced to a PETER ee or very. e 


ſphere. 


if the radius of the 1 be one -renth 1 an 
inch, the eye will have diſtinct viſion of an objęct 


dy means thereof, at the diſtance of a radius and 


8 . an inch, then will the eye bare diſtinet viſion 


half, i. e. of an inch, which, as it is but the 
4oth part of ſix inches, ſhews that the length of an 
object will be magnified forty times, the ſurface 


one thouſand ſix at times, and the ſolidity 


* thouſand times, by ſuch a mall er 


| If the radius of a ſoheridle be 0 one e 
of, 


us 


ot 


mY 1 @S 
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of an objeſt at the diſtance of '& of an inch, 


which, as it is but the goth part of fix inches, 


ſhews the length of ohjects will appear eighty 
times greater, the ſurface ſix thouſand four. hun- 


dred times, and the bulk five hundred and twelve 


thouſand times greater”! to the RANGE of at fix 
inches diſtance. 


Again, if the Aer of a en 6 one 
twentieth of an inch, or the radius one fortieth, 
chen will the eye approach the object ſo near as 
ve of an inch, which is but the 150th part of fix 
inches; and therefore the length of objects will 


be magnified one hundred and ſixty times, the ſu- 


face twenty-five. thouſand ſix hundred times, and 
the ſolidity four million and ninety-ſux thou- 


ſand times by this ſpherule; which is fo great 


a power of magnifying, as {urpaſſes all huſaan 
imagination: and [ conipretrnſion.” ak 


In uſing theſe ſpherule niente the objets 


| are to be placed in one focus, and the eye in the 


other; and ſince the focus is ſo exceeding near the 
glaſs, it is impoffible to view any but pellucid 


bodies: for if any opake object were to be ap- 
plied, the eye being as it were juſt on the 
N Foherule would entirely prevent any light falling 
on it, and | it 9 be co obſcure to be viewed. 


1 % nn theſes wet of miieroſtopes, Bitte 


"Hwa Dutch "philoſopher Mr. Leeuwenhqek 
made ſuch wonderful diſcoveries ; and it muſt be 
with - theſe, if with any, that the .corpuſcles or. 
8 dtoms, 1 which bodies conſiſt, are to be diſco- 


R 2 25 vered ; 


„ --AN/INTRODUCTION: 0 


e 3 "which Ae eres Hep Mominn ig, 


Vas poſſible,, But the 'great dificul of making 

very ſmall, and, at the ſame time Very. god 
ones; theit prejudice” to the eyes 2 
hard and nęar, the trowble of paſting ohjectz at 


be ſeen of any, makes BY ſort of e 


Yar little known or uſed. 
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1 of having tha dark ſide of an object next 

N the eye, which has hitherto been an unſurmount: 
able obſtruction to the making .abſeryationy-on 
_ _ opake objects wich any ge ble degree of 
4 e of ſatisfa8tion :. far in, all ther cantriv- 


2 — to the object (when 1 „ 
much are uſed)  unavaidable s it 12 
- much, as. receipts dee un- 


diſtin, . And, notwithſtanding, 72 have been 
tried to point liglit upon an object, rom the ſun, 


thereof; the rays from either can be throum upon 


it in ſuch an acute angle anly, chat chey ſervs to 
_ give a confuſed glare, but are ver Sg en 


bot 


e bettet yiew af N 


— the very Bingll yore Whinh.can -- 


w_ 


3 >» » - 


$ micraſcape remedies the inconvenience. 


known, the neatneſs of 2 


or ea candle, by a conyes. glaſs placed on the ſide | 


- - TY ww 
XYg V2. - 


«s * 


« a 


*-- 
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Nes 8.8 | 
he mae to che 


put. KNOWLEDGE.” 
bur io ghivnew microſcope, by touts of ajcon- | 


| eure ſperulum of ſilver, highly poliſbed, in whoſe 
center e magnifying: lens is placed, . Arete ud 


ſtrong a li ght is reflected upon the objet thee it | 
may be examined with all hes ot caſe and 


pleaſure. enen 4 of 125 Feuer 3 


* Ir. Set 4 3 $ 4% 138 TIL: 4 fig. Az P43 Lt 
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The apparatus Py 0 


| | bam 

me more: delighr ald fatlstation 925 = . 
to deferibe; and Nera a it, will, 1 — ; 
join in my opinion, that he 


ene eg nab an 


e ny 1. in f | ſa & 
Anka er, e as. 4 | 
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8 piece of blaß e e (hl, 
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AN INTRODUCTION: To 


* 
- 


to it. The * and plyers are to thruſt i into op 


ks up and hold any inſect or object: and either 
of them may I POW] as dults * 
"Pa _ G0 3% ls 


. 8 41 9 
* 1 * 11 * 


lisa 4 ag ol braſs with a made foci within it 
mounted on an upright piece of the ſame me 
which turns round on a riyet, that it may be ſet 
at a due diſtance when the leaſt magnifiers are 
employed. This 9s receives the ow of 1 
the : magnifiers, 


P % «4 
* 4 v4 0 * "a 8 , 
* = 


"pc dag handle LY od. to N into the 
4 inſtrument when | it is made uſe of. 


2 


K # concave ſpeculum of kütt, Poliſhed as 
- bright as poſlible, in the center of which a 9 
ble convex lens is placed, with a pro 
to look through it. On the back Fa ecu. this ſpecu- 
lum a male ſcrew L is made to fit the brals'! 24 I, 
to ſcrew | into the ſaid ring at pleaſure. 1 


There a are E four of theſe f concave "DOE of Ii 
1 depths, adapted to four glaſſes of different 
- magnifying powers, to be uſed as objects to be 
examined may require. The greateſt magnifiers 
muſt Hy have the leaſt peri; | 


Ma bn obj eck. late, « one ſide white and the 
"other black, A180 to render objects the more 
- viſible, by placing them, if black,. on the white, 
and if white on the black ſide. A Nee! ſpring N, 
908 down on each fide to Oe any object faſt : 


ang 


2 


tiskrul., KNOWLEDGE. \ ny 
ind iſſuing from the obje&-plate i is x hollow pipe 
= co ſere x it on n necdle's point & e | 


O nᷣ 4 ſmall — of brass, with a 3 00 _ Fig. 10, 
ſide, contrived to confine any living object, in or- 


der to examine it: this alſo has «Pip to.ſerew 
van thre of the nook 13. 


Qua pair of 5 plyers, to take LE any je Fig. 11. 
or manage it with conveniency. 


Ra ſoft hair bruſh, to clean the glaſſes | or GE. - Fig. 13. 
cula, or apply a drop of any liquid to the iſin- 
gilaſs of the box O, in order to view the e 
cules. | 


- ts (DP x ww ww 


8 A ſmall ivory bake! for the tales to b placed Fig, 19. 
when wanted i in the ſmall braſs box 0. . 
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u- When you would view any object, ſerew ahi | 
I, ſpeculum, with the magnifier you think beſt to 
| uſe, into the braſs ring 1. Place your object ei- | 
ther on the needle G, in the plyers H, on the ob- 51 
if- ject· plate MM, or in the brafs hollow box O, as may 
nt be moſt convenient, acxording to the nature and 
be condition of it: then holding up your inſtrument 
ers by the handle P, look againſt the light, through 
the magnifying lens, and by means of the nut D, 
together with the motion of the needle, by ma- 
the naging its lower end, the object may be turned 
ore about, raiſed, or depreſſed, brought nearer the | 
te, "glaſs, or put farther from it, till you hit the true 
N, WW focal diſtance, and the light be ſeen reflected from 
iſt q the ſpeculum ſtrongly upon the object; by which 
in 


e 1 be ſhewn in a manner eee 
* 


132 . 


* 


Fa | ach bor 9p ate 


— 


o 


- This ie eben is prinelpatly Kites: OY 
opclie vbjes, but tranſpurent ones may alſo be 
viewed by it: obſervintz only, that hen fach 
come- under examination, it will not always be 
| Proper << thtow of them the Hght reflected from 
the ſpeculum: for the 
them meeting the reflected ] airy 7 may, together, 
Produce too great a. SE. A little, practice w il 


e | 
;. There read £0 expett gear diſcoveries may 


be made by the apparatus above: deſcribed, as 
= objects are a large field, but little hitherto 


* 
3 
— 
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examined, by reaſon of the CAN PL Ky do- 


ing it. err . NaN 11+ 115 ** £1" ir 
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USEFUL, KNOWLEDGE... | 
Da vonven glaſs at che end of the ſaid ſerew. _ 
1. Two concave round FE au of thin braſs, 5 4 


holes of different 1 in the middle of them, 
to cover the ſaid. ke: „ and thereby diminiſh. 
Bre 


the aperture when areft gs are em- 


ployed. 


E Ecthres * of braſßs within the body 
of the microſcope,” one whereof is bent ſomicircu- 
larly. in the middle, ſo as to form an arched cavity 
for the reception of a tube of glaſs, whereas the 


two flat plates are to receive and hold * lliders 


between then. 
F a piece 4, wood or ivory, arched in the man- 


ner of the N plate, and cemented there= 


to, 


\ * > o > 


Ge echtes end of the body of eh een, 
where a hollow female ſerew is alupeed to receive 
the different magnifiers. 


H a fpital üpriag of ſteel, denn the ſaid end 


129 - 


G and the plates of braſs ; intanded to keep the 


plates in 4 right poſition, and counter act 9 
n 


* 


+4 a ſmall WT" LEY Gr the better holdi 
the . bee to mw on or off at 141 


5 Henit ü 31 


ro A mbROde 550 ſeven different mag⸗ 
nifying glaſſes: ſix of them are ſet in ſilver, btaſs, 


ng of 


or 1 as in Ts and marked." I, 2, 3, 4» Fig. 2. 
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47 55 67 the eee te gre mag 44 
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11 is dle ſeventh Lint 121 in the manner of | 
a little barrel, to be held 1 in the hand for the View, 


ing any _ object. 85 3 


"Thi: cure may be of further uſe; by ap- 
5 plying a thin cap, with a hole in it, a quarter of 
an inch ſquare, exact in the focus of the lens ; by 
which means, when a piece of lin cloth is applied 


upon the braſs, and viewed through the other end, 


the threads will appear greatly magnified, ſo that 


they may be counted, and thereby the quality of 
the cloth may be aſcertained RE calculation. (3p 


N is a flat flip of jvory, called a fiider; with four” 


round holes through it, wherein to place objects 
between two glaſſes or pieces of Waun e 
they appear d A. | 1 


8 * 


Eight ſuch i ivory {liders, and one of. braſs, are 
uſually fold with this microſcope ;- ſorne with ob- 


jects placed in them, and others empty, for view- 


ing any thing that may offer: but whoever pleaſes 


"to make a large par of e may have as 
eee, Nina bst XLS | 


* — 


The braſs Aider i is to TRIED any Final 11-objes; 


that if may ee Won * or Rm 
ing it. e 


Nj is a » forceps or r pair of phe, for wa n 


BP 


9 
„ % # © 3; 


; eee Ke = | 


i} 


0¹ is « little | kiir-broſh or: 3 to ig. 7: 
wipe any duſt from off the glaſſes, or to take up 
any ſmall drop of liquid one would examine, and A, 
put it ny: -the tales or ilinglaſs. 5 


Pisa 83 * of 0. 1 to 9 wage Fig 8. 
objects. ſuch as frogs, fiſhes, &c. in order to diſa | 

cover the Rae as it rc eee veins and 
arteries. } * $1 it] T9433 343701 Wt Jt Lo WE] 


All ae EIT: are contained in à little 
7 neat won: very convenient for e in e 


* * 
et N * - # * : = 47 8 $4 3 * 1 me, * — 
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- When an object is is to bb ond chruſt thei vory 
| flider; in which the ſaid object is placed, herween 
the two flat hraſs plates E E: obferving always Fig- 1. 
| to put that ſide of the ſlider where the braſs rings + + 
are, fartheſt from your eye. Then ſcrew on the 
 magnifying-glaſs you intend to uſe, at the end of 
the inſtrument G; and looking through it againſt 
. the light, turn the long ſcrew. C. C, till your ohject 
| be brought to fit your eye; which you will know: 
ö by its appearing then perfectly diſtinct and clear. 
I beſt to look at it firſt, through a magnifier- 
that can ſhew the whole thereof at once, and after- © 
wards to ſinſpect the ſeveral parts more particularly 
5 with one of the greateſt magnifiers: for thus ou. 
willi gain a true idea of. the whole, and of all i its 
b parts. And though the greateſt magnifiers: can 
; ſhew but a minute gie. of any object at once, 
> e e e 2 4 


- hs 
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dun Mesa be hs doe horn of & Ibuſe, or 


the like: yet by gently moving the ſlider thar 


contains your object, the eye will gradually over: 
look it all; and if any part ſhould be out of diſ. 


tance, the re * 1 wal en e it ww” dene 


| e 


171096 £ 


As objects maſt " 3 ny the 2 
when the greateſt magnifiers are vſed, be particu. 


larly careful not to ſcratch them, by rubbing the 
ſlider againſt them as you move it in 6& but. A 


few turns of the ſcrew C C will eaſily prevent this 
| miſchief, by BY ng; them room FOO: no fin * 


"Fowl may 1 the objects i in your Alden * 


. what others you think proper, by taking out the 


braſs rings with the point of à pen-knife ; che 
tale will, then fall aut, if vou but turn the 
ſliders; and aftet putting what you pleaſe berweet 
them, by replacing the braſs rings, you will faften 


them as they were. before. Tis proper to have 
fome-liders furniſhed with talcs, but without any 


objects between them, to be. always in reattineſs 
for the examination of fluids, falts, ſands, pointers? 
the Farina of flowets, or any other caſunl objects 


ol ſuch ſort as need only be rte to the outſide 
of the talc. 7 15 N | 


| The Stenson ofthe blood may rde Sen 
in the tails or fins of fiſhes, in the fine membranes 
between a frog's toes, or, beſt of all] in the tail of 
a water-newt. If your object be a fall fiſh, place 
it W hack * its wil ot gr” 


the 


22 288828 


— ws © 
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üskrbl. KNOWLEDGE. | 
the ſide thereof: if a frog, chuſe ſack an one as can 
but juſt be got into your tube, and with à pen or 
ſick expand the -tranſparent. membrane between 
the toes of the frog's hind: foot as wide as yow-.are + 
able. When your object is ſo adjuſted, that no 


part thereof can intercept the light from ahe place 


you intend to view, ainferew! the long forew C C, 
and thruſt your tube into the arched! cavity} quite = 
through the body of the microſcope; then ſarer 
it to the true focal diſtance, and you will ſye the 
blood paſſing along itꝭ veſfels with a A Il 
my in a mot ſurpriſing manner. een 5006 
{; io. norte ein el be | 
Make uſe of the third or 842 ——— 
frogs or fiſhes ; but for the tails of water-newts, 
the fifch or fixth will do; becauſe the globules off 


their blood are twice, as large as thoſe of ib ur 


fin. The firſt or. ſecond! magnifier cannot well 


be employed to this purpoſe; for the thickneſs of 
ths tube wherein the object lies; will ſcarce adeiit 


its being 3 er es. 1121 
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1 C1 a braſs ſcrew, that paſſes rhroügh à hole 

. in the upper limb of the ſcroll; into the ſide of the 
5 microſcope 'D, and" en nf it Tm. tothe ſaid 


9 


scroll. am en 12 Si Ut: £58 a 
e ON e | 

E a concave looking-glaſ or Ss get i in 2 
| bes bras, which hangs in the arch B, by two 
1 ce f. a e ee eee 


. * 2 


415 5 2 * Net 4 


c the betet vf che faid ach is a pin of the 
_ ſame metal; exactly fitted to à hole h, in the 
wooden pedeſtal, made bo: me. eee of the 
* Ser Het t bud 20. 755 Ft meaty 


45 ' "I IMs 2 * — 1 


5 
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U a Ait rekt turns on this pin; aud the ſobenlun 

9 0 me the ends of the arch, it may, by this two. 
Ky” No fold motion, be eaſily adjuſted, in ſuch a manner, 
*% _*as'to reflect the light of the. ſky, therſbn; or a can 
Ale, directiy upwards; through the r woeng 
. is fixed perpendicularly over it; and by fo doing, ; 

may be made to anſwer almoſt all che ends of the 
eels double felleung microſcope, '. | | 


The body of the microſcope may: a be fixed 
horizontally, and objects may be viewed in 
that poſition, by any light you chooſe; which 
is an advantage the ie W has 
no. =, 


8 D Kine 
i 1. may alto 5 ited farther uſeful by means 3 
n of a ſlip of glaſs, one end of which being thruſt a 
oh between the plates where the ſliders 89, andi the ſtru 
ö other B to ome diſtance, ſuch ige may pre 
Sola be | 


' USEFUL” KNOWLEDGE. - 5 
be — thereon, as cannot be applied i the 
ſliders: and then, having a limb of braſs that ma 
faſten to the body of the microſcope; and extend Fa 
over the projeftiug glaſs a hollow ring; wherein” to. 
ſcrew the magrifiers, all forts of ſubjects thay de 
examined with great conveniency, if à hole be 
made in the pedeſtal, ,to place the ſpeculum ex- 6 
lt underneath, and, thereb wi et Us 71. 


ee. 
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11 MEN ETOP IRE thus neh it is oy 
preſume to judge, as eaſy and pleaſant i in its uſe, 

and as fit for the moſt curious examination of t ” 
| animalcules and ſalts in fluids, of the farinz in,” 
vegetables, of the circulations in ſmall creatures: 
in ſhort, it is likely to make conſiderable diſco- 
veries in objects that have ſome degree of tranſpa- 
feney, as: a7 Heroes] I have ever ſeen 2 heard 
of. 


b . . 4 * / . 1 * F., 
3 : _ 4 *, 1.4 "# p y * {fd 49 RET 


Another 2 undi on a Re or Sand. 


HE fingle- inieroſebpes hitherto detelbed | 

have been contrived in many different forms; 
which on ſome occaſions are very neceſſary and 
convenient. 1 haye here given the form. or 
ſtructüre of one which I om in Tome” caſes, 
N to N I have ſeen. 1 ts | 
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5 e 
ns us mhich.A'B is the bali or foot. 872215 


Cp Is the ſtem, ef which 2b hw e is 


in the form of a W een D ha 
four Plain * a ok Ae 


5 E, E, are two ke ſockers of TUE werfen. 

. up and down together upon the ſquare part B 
ſtem, being connected by a common crew; 3 

Hs 2 is checked by. the c_ Stn _ 


ring. the 
2 Giralirew * ih he pan i to che F 
ſtem. is a0 


1 * ) i , 5 5. 15, 


Hi is an Cf Kaen by Which Fo pelt Fi e. 
gradually moved up and down; and thereby K L, glaf 

the ftage on which the objects are placed, has MN pow 
the ſlider, with its objects, duly 2 to the fo- : 


1 ene e : A 
Lis a joint by which he ſtage i is candle of an 2 
horizontal motion, to Thew 8 Py of the object mag 
A without moving the ſlider. ſaid 
FCC 8 
plates, between which are placed ſix ſmall lenſes 2 


or magnifiers in a circle near the extreme part, and T 
is moveable on a ſcrew in its center, which goes Pon. 
into 1 Qa piece of | braſs fixed very firmly on the three 
top of the ſtem; upon this is Q, circular piece of — 
braſs ſoldered on, with a hole in the center, under ling] 

| which the circle of galls below 2 2 and, con- Seth 
E774 | Kquently, > 


——3 TT i,” ey 


ct. >... 4 
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ſequently, any one of the lenſes being brought to 
the center of this hole, will be exactly over the 
center of the hole in the ſtage, and ſhew the objects 


when g to the focus of the faid lens. 


5 DONE 1 4; du AY 


4 Megalope for viewing/large. N. 4 


'S an optical inſtrument that "may b. be proper y 
called a megalaſcope for the hand; becauſe it 
is adapted for viewing all the larger ſort of ſmall 


objects, ſuch z as inſets, flowers, minerals, linen, 


&c. to very great advantage; as with three 
glaſſes only it has ſeven different | magnifying 
powers. 9 


_ 4 
« „ ? F 4 N N 1 


A Bath eaſe of br, ve, e 055 We ans. 


'D, E. F, 'thres ſbrerat lenſes with Abet 
magnifping powers, which are all contained i in the 
ſaid caſe, de dae out at e | 


* . 


H the handle. 1x Jie. 


. 


The hoop glaſſes ſingly, afford Fee 


powers; and by combining two and two, we make 
three more; for D with E makes one, D with F 
another, and E with F aithird; which with the three 
ſingly, make fix; and laſtly, all three combined to- 


gether make another, ſo, that upon the whole, there 


. > T | | are 


— 
* 


137 


xg 


Fig. 12. 
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are ſeven powers of Go with three gabe 


12 7 
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Of double or compound Microſcopes. 


HE double or compound microſcope, con- 

glaſs c d, and. an eye glaſs 
e f. The ſmall object a b is placed at, a little 
greater diſtance 8c the glaſs cd than 1 its princi- 
pal focus, ſo that the pencils of rays flowing from 

the different 
| through the glaſs, may be made to conyerge and 
unite in as many points between g and h, where 


ſiſts of an object 


points of the object, and paſſing 


the image of the object will be formed: which 
image is viewed by the eye through the eye · ꝑlaſs 
e f. For the eye-glaſs being ſo placed, that the 
image g h may be in its focus, and the eye much 
about the ſame diſtance on the other ſide, the rayt 


of each pencil will be parallel, after going out of 


the eye-glaſs, as at e and f, till they come to the 


eye at k, where they will begin to converge by the 
refractive power of the humours; and after having 


croſſed each other in the pupil, and paſſed through 


the chryſtalline and vitreous humours they will 


be collected into points on the retina, and an 


8 the largeinverted 1180 A B thereon, 


The : magnifiing power of chis microſcope i is as 
| follows: 


= 


follows: ſuppoſe the i image g 


ſometimes an inch aſunder; by which means, al- 
though the object appears leſs magnified, yet the 


1 wm ↄ6—— ᷣœͤpVLVV · ‚ Pm oe A 
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h to be ſix times 
the diſtance of the object a b from the object- 


glaſs c d; then will che image be ix times the 
length o of th the obj ect: T fince the _ could _ 


Fad 


brought fix times nearer the eye; and ede 
viewed under ah angle ſix times as lare as before; 
ſo that it will be again magnified fix titnes; har” 
is, ſix times by the ohject-glaſs, and ſiæ des by 
the eye - glaſs, which multiplied into one another, 
makes thirty-ſix times ; and ſo much ĩs the object 
magnified in diameter more than what it appears to 


the bare eye; and conſequently, thirty-ſix times 
thirty-ſux, or one us two e a nine. 
ty-ſix tunen in Wie TT 


But beide 2 extent or © field Wed we is very 
ſmall in this microſcope, there are generally two 
eye-glaſſes placed ſometimes cloſe together, and 


* 

: 
& 1 
*: 
þ4] 
UF 

* 
% 
4 
q 
h 


viſible area is much enlarged by the interpoſitidn - 
of a ſecond eye-glaſs; and Fee a much 


jc ——˖C „ ⁰ 
— « — 


pleaſanter yiew is obtained, 2 
| « | 

By 

'229:231 319% 1 | | 
(3, 3» TITS. 4 ( *\\ | 1 : | 
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e e 10 2 118 


the vr gens ond th fs compound oy. 


Fig. 13. I. the form. of C« compound micxaſcope for the | 
en 5 % 0 4 


\ 


'$ 


ms 2 2 


—_ 


3 AQs the body o or internal part: Which, is 1 * 
able up and down in C D an external caſe ol Mood, 
braſs, or fuer. — 9 4 Jo * f ett . 72 
E one of the three pillars which OT the i in- . 
ſtrument. 55 Ks 


FA plate fixed Mom) to de rr ab. 
ally called the ſtage. W 


Ga hole. in the central part; in which — 5 _ 
other parts of the | EN are 1 with objects 


to be Neri 

| 11 an iuminating or reteding beau. 
; | vil 
1 the foor of te inſtrument. - Ee ob . the 
; Kis «pipe dich is lrevel. + bio 8 f fo 
Qa braſs button or caſe to hold the magnifer + 
In this compound microſcope there are generally inc 
three (ſometimes four) glaſſes employed to pro- 5 
= ' Auce the effect, viz. 1. the magnifying lens at Q. 
1} which makes a large image in the upper part of ray 
i= the 1 object below. 2. A large lens at B, Ty, 


"BAT called 


1 * 
— -—_ 


e 
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called the body glaſs, which is the cauſe of a larger 


field of viem. 3. An eye glaſs at A, by which 


we view the enlarged! 1 PO of the object, in its 


focus. 


The Method of FIT the bs ming Prue 75 
Vrnkle and double Microſcopes. . * 


HE e power in all optical inſtru- 
ments depends upon this one principle, chat 


— is apparently greater; or leſs in pro- 
portion, as it 15 nearer c or farther: from the eye; 


gle under which it appears, & vice verſa. 


But the eye is fo formed as to admit of distinct 


viſion by ſuch rays only as are nearly U and 


therefore every object muſt be removett to fach a 
diſtance from the eye that the rays of light iſſuing 


from every point thereof, may fall upon the eye 


with fmall divergency, or nearly parallel, "which 


diſtance is in different eyes from ſix to N 
inches, as any one may And by trial. 


Now; ſinee a bet glaſs convenes panel 
rays to a point or focus; therefore, on the contra 
Ty, if an * be placed in the focus of ſuch a 

lens, 


becauſe the nearer it is; the larger is che viſual a 
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lens, che rays proceeding from each point will be 
refracted parallel to the eye, and Oy produce 
diſtinct viſiowof that object in its focus.” % f 9% 
Hence then it follows, that if a b be a very mall 
object in the focus of the glaſs c, whoſe focal diſ- 


tance is one inch, the eye applied to the lens C 
will have the diſtinct viſion thereof; and this be- 


ing at a diſtance fix, ſeven, or eight times nearer 


than the eye alone could clearly ſee it, it muſt ap- 


pear ſo many times larger than to the naked eye; 
and therefore we properly ſay, it is magnified to 
ſuch eyes, fix, ſeven, or eight times in 8 80 And 


But at Ay are eee is eben to. 


the ſquares of their lengths'6r fides ; therefore the 


ſurfaces of objects are magniſied thirty-ſix, forty- 
nine, or eighty-four f times s b 'a lens Hf ohio" ch 
focal diſtance. 12 4 ; 


-- Alſo the bulk or magnitude of. en Ig 
will be magnified in proportion to the cubes af the 
ſides or length, and therefore all ſolid bodies willi 
by ſuch a lens, be magniſied two hundred and ſix · 
teen, three hundred and forty- three, or five hun+ 
el and twelve mou to ſuch . are 

i * * C mere. but of half? an Gs focal. 16 
tance, the lengths of objects would be magnified 
twice as much the ſurfaces four times, and the 
magnitude or bulk, FEE: times as e a 4 


W ” 15 ae F | | FN 77 
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If the focal diſtunce of the lens © be @ quarter 
of an inch, then the lengths are magnifled ſour 


times as much, viz. twenty-four, twenty-eight; or 


thirty-two times; the ſurfaces ſixteen times as 


much, or 376 times more than to the naked eye 
at ſix inches diſtance; and ſolid bodies are mag- 


mY \ 3. 
» 0 


whole inch focal diſtance. | 

Once nt, ' ſuppoſe the lens 7 Small be its 
focal diſtance is but 5+ of an inch, then the length 
of an object is magnified ſixty, ſeventy, or eighty 


times; the ſurface 3600, 4900, or 6400 times, 


and the ſolidity or whole bulk 216000, 343000, 


or 51 2000 times, or ſo much larger do the bodies 
of mites, or their eggs, appear than to the naked 
eye at ſi ir, ſeven, or 1 87 inches diſtance. 105 


After the ſame manner "you: may compute the 
magnifying power of lenſes of 28 25 & and even 


b part of an inch focal diſtance, which may be 
made if required; but they are with difficulty 
uſed.” By a Jens 55 of an inch, the length is 'mag- 
nified 300 tirnes; and the ſurface. 90000 times; 


and the Ry. 27000006 times. 


But theſe enormous powers of MES 1 
much better effe&ted in compound microſeopes, 


and be that in what degree you pleaſe, it is thus 
eaſily eſtimated. Let C be the object lens in the cell 
Q, fig. 13, of the compound microſcope, if then a 


ſmall object, a b, be placed on the'ſtage at G, 
little more than the focal diſtance, there will be 
e 122 the ſaid lens C, a n T. in 

b the 


nified ſixty- four times more — by the lens of 2 


23. © 


44 . 
 _ the upper part of the microſcope, and this image 
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is viewed through the indica in its woo Way 
at O. Wie et n ul. este e 155 11 "_ 


RS it is me tg Rl] FUR that the.; image 8 
Ti is as much larger than. the object a bas the diſ- 
tance C A exceeds the diſtance C a from the lens. 
Suppoſe the image 8 7 fix times larger than the 


object a b; then if it be viewed by a lens & H of 
one inch focal diſtance, the i S'T will appear 
magnified; ſix times at leaſt, and therefore the ob- 


ject a b, will be magoified fix times: ſix, or 3b times 


in length; and 36 times 36, or 1296 times in ſur- 


face; and 36 times 1296, or 466 56 times in the 
bulk or- ſolidity, And yet with theſe great pow- 


ets of magnifying, the lens. C may, not, be of leſs 


than half an inch focal diſtance, in the leaſt Jort, of 
COON 808 euro ak rs 


But with a ſingle egen G N, we 1 . too 
ſmall a field of view, therefore we uſe two, 
AB and DE, the firſt contracts the image "O53 
into another, IM, which i is leſs, and this is viewed 


by the eye-glaſs DE. Now both theſe glaſſes may 
have a magnifying power equal to that of a given 


ſingle glaſs G H by this rule; let their diſtance be 


2 to the difference of their focal lengths, and 
magnifying power will be equal to that of a 


155 whoſe focal diſtance i is regs acer _ . 
AB. 4 N An! * 0. «1 1 6 


e the focal . ＋ A B 


to be two inches 1 half, and that of D E one inch; 
then if theirdiſtance be one inch 1-half; their joint 


1 . magnifying | 


* 1 


lens G H, whoſe focal 


yay 
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magnifying power will be equal. to that of a Gagle 


diſtance is one 354th, equal 
half that of A B. By the two eye-glaſſes the rs 


are converged to the eye at the compound focus 


F, much leſs affect by che errors ariſing from! the 


1 „ 0 


aberration of rays, hath Fran their different 
frangibility, and the figure of the glaſſes, 


. The Sor, er = Olfewrs dur gene, 
4H 18 dwerplegpe depends on the eee 


chamber, js. its Mare implied. 


1712 


Ul of 2 tube, a F IR A. 
_copxex lens, and Wilſon's ſingle packet MS, 
ſcope kelaxe delerhel. | ; 


The ſun's rays velvg directed fe the lookin 
glaſs chrough the tube upon the object, Weine 


or picture of the object is thrown, diſtinctiy and 


beautifully, upon a ſcreen of white paper, or a 
white linen ſheet, placed at ſome diſtance to re- 


ceeive the ſame; and may be magnified, to a ſize 


beyond the ,imagiagtion of ghaſe who have not 


ſeen it: for the, farther off the ſqreen, is removed, 
the larger will the object appear; inſomuch, that 


A the depgoit-of five 2. 


rer 


T 


and muſt be mage uſe of in a mo | 


| 165 
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fix feet, or even à great deal more: but it is indeed 


more Air, when noe” enlarged *t to. ore ak 4 


_ ze. "4 Py: : 


The Katte for this . repreſented | 
in: IANA tet anche Kad pt 

K. a 1 80 0 "WE Arca which two 
long ſcrews paſs, and, aſſiſted by a couple of nuts 


4 Tz O12 


1. I. faſten it firmly to a _window-ſhutter, where- 


in a hole is made for its reception; the two 


nuts being let into che , and made faſt 
thereto. 


0 e * Y . N 8 N 5 | 
A eircular hole is made in age middle TM this 


| dio to recxive a piece of wood of a circular 


figure B, whoſe. edge, that projects a little 2 
the frame, compoſes a ſhallow groove 2, ; 


runs a cat-gut 3 which by twiſting round, and | 
then crofling over a braſs pulley 4, (the handle 
whereof 5; © paſſes through the frame) affords 


an eaſy motion for turning round the circu-" , 
lar . with alle parts Maes 
| fixed, | 


> 


Ch is 4 * Abe 8 with al- Gin, which. 
ſcrewing into the middle of the circular piece of 
wood, becomes a: caſe for the uncovered braſs 
-_ "oY to en backwards or Devine in. 


* 


E a | ſinaller wis of Peer one inch i in een. 


ſcrewed to the enckof che larger tube D. t 


I}, 


Fis another hor baſs re be, made o fide ver 


- 
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the above-deſcribed tube E. To che end hereof 
the microſcope muſt 1 e ya-oachfnd 
to uſe it. N71 TORI Bu 8 TJ. 59 — 1 '? 

Ter? 7 Wo 


5, A convex lens, whoſe focus is about twelve 
inches, deſigned to collect the; ſun's. rays; and | 
throw them more ſtrongiy uppe.ahe; DNR. | 


G, a looking-glals of an oblong figure, 1 in | 
a wooden frame, faſtened. by hinges to;the circu- 
lar piece of wood B, and 1 Lady path 
with, by means af, the, a | 


git... 3 154 nie 205 


H, Jed wire, parity braſs 16A pay ik; 7 
the braſs part whereof,” Which is flat 6, being faſ- 
tened to the looking-glaſs, and the iron part, 
which is round 7, paſſing through the wooden 
frame, enable the obſeryer (by putting it back- 
wards or forwards) to eleyate or Fenn, the Mo 75 


dees 8 the fun's ee 812 Beh 


, K bra Hüg lr iis end of " Joie ae 
whereby to manage i it with greater eaſe. 


14 10 t T 


N. B. The extremities) of the eatigut are faſ- 
tened to a braſs pin, by turning of e e ? 
be braced up, if at any time it becomes too ſla ; 
This pin lying behind oy not be K 70 
gar 48 A it in a 10 

ings VIE din by; SOAR ier 

W kei this os is. employed, the room 
muſt be rendered as dark as poſſible: fot on the 
darkneſs of the room, and the brightneſs of the 
ſun- ſnine, depend the ſharpneſs and perfection of 

| ie 


A* rDU, r -o 
your image. Then pateing ths lobhing · glaf O 
- through the hole i y witidow-ſHutter, faſter 


the ſquare frame A to the ſaid. ſhutter by its 46 
(crews and N 1. 1. 


This dang, au your bonne _ ts 3 this eg 


vation and kftaation bf the ſun, 155 means of the 


5818 wire H, together with the cat- gut and 
pulley: 4. For the At of theſe ralling br lower. 


ing the glafs, and the other inclining It to tlthet 


add, feſults 4 twof61d motioh, Which" may 
— 5 be fs managed a5 t6 bring the glaſs to 4 


right poſition, that is, to make it reflect the ſun's 


Al directly 502 l. the lens 3, . n the paper 
ſereen, and en t eren a e W Wr 
round. 6 3 


Tkoug b ang Fl aka cireular ſpot of. 


light upon the ſcreeh before yl ppl ly the my 
Eroſeope, i is a certain proof th at ooking-glaſs 


is adjuſted right, büt that pris wut not MW 


be expected for the ſun is ſo low in winter, that 
if it ſhines in a direct line againſt the window, 


it cannot then afford a ſpot of light exactly = | 


But if it be on either fide of you, „ men 


| be n. even in December. 


A 60 00N as this ap] 75 ſcrew the tube & ir into 
the 5 collar provided for it in the middle of 
your wood-work, * care not to alter your 
looking-glaſs:: then ſcrewing the magnifier you 
chuſe to employ to the end of your microſcope, 


in the uſual. manner, take away the lens at the 
wm end thereof, and Place 2 lider, — 


8 T 4 


2 
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the object 10 be examined, between the thim 
— meme ge of uſing the ae 


coder en e. 2 1 24 % et 


* 10 


T dings being thus prepared, 

your microſcope to the ſhort braſs tube F, which 
flip over the ſmall end E of the tube D, and pull 
out the ſaid tube D leſs,or more, as your object 
is capable of enduring the ſun's heat. Dead objecta 
may*be brought within about an inch of the focus 
of the conyex lens $3: but: the diſtance, muſt be 
ſhortened for TROP! nn or * TY Sen 


If the light falls not exattly right, you, mag en- 
fily, by a gentle motion of che joinsed wire, and 
pulley, direct it through the axis. Oh the microſco- 


pic lens. \| | 8 N ty ©2148 631 


The ſhort whe b. "ink: your. microſcope . is 
fcrewed to, enables you, by fliding it backwards 
or forwards on the other tube E, to bring your 
objects to their true focal diſtance; which will 


de known by the ſharpneſs. and clearneſs . o 


their appearance : they may alſo be turned round 
by the * means, . ee in the leaſt 


| diſordered. | 
"The 5 malt. 224 in the ſolar : 


—_— W e AAR, 6 


Mention his been often made of a ſcreen tq 


throw the images of objects on, it is proper x0 in- 


form 


149 


eh 5 


— 
. 
: 
I * 
A 
- - x 


- 
i 1! 
2 


AN INTRODUCTION/TO. 


form the reader; that ſuch a ſcreen i is uſually com- ä 


poſed of a ſheet of the largeſt elephant paper, 


ſtrained on a frame, which ſlides up, or down, or 
turns about at pleaſure on a round wooden pillar, | 
in the manner of ſome fire-ſcreens. Larger ſcreens 


are likewiſe made ſometimes, with ſeveral ſheets 


of the ſame paper paſted together on cloth, and ler 
down from the my "= & N 25 Re 4 822 


e, 18 4 


1 Hin 2:64 


e teresse is che n 3 — 
any; and, perhaps, the moſt capable of making 


_ diſcoveries in objects that are not too opake; as 


it ſhews them much larger than can. be-done any J 
other wa There are alſo ſeveral conveniencies 


attending it, which no other microſcope can have: 
for the weakeſt eyes may uſe it without the leaſt 


ſtraining or fatigue : numbers of people may view | 


5 any object, together, at the ſame time, and, b 


* 


„ x 


on either with a 1 or pencil, as it E 
Pha: them. 


| inen heir while, who are dein oak + 
41 many 


pointing to the particular parts thereof, and Af. 


courſing on what lies before them, may be able 


better to underſtand one another, and more likely 


to find out the truth, than when, in other micro- 


ſcopes; they muſt peep one after another, and per- 
haps: ſee the object neither in the ſame light, nor 


the ſame poſition. Such too as have no {kill in 
drawing, may, by this contrivance, eaſily ſketch 


out the exact figure of any object they have a mind 


to preſerve. a picture of; - fince they need only faſ- 
ten a paper upon the ſcreen, and trace it out there- 


- 
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many draughts in this way? to get a frame; wherein 
a ſheet of paper may be put in or taken out at 


1 for if the paper be ſingle; the image of 


an object will be ſeen as plainly almoſt on the 


back as on the fore ſide, and by ſtanding behind 
the ſcreen, the ſhiade of the hand will not obſtruct 


the light in drawing, ee 


when one ſtands before it. in 


1 nivitublieye, that: Dr. Liberkhut 15 s ſolar mi- 


croſcope had no looking- glaſs belonging to it, 


and therefore was of uſe a few hours only in 1 = 


when" the tube could be placed directly agai 


the body of the ſun, and even then not 21 a 
good deal of trouble; but by this lucky con- 
trivance of a looking-glaſs, the ſun's rays may be 
reflected through the tube, whatever its height or 
ſituation be, provided it ſhines at all upon the 


window, and that too "_ much eaſe and ee, 


of the Nate and Us of- the Mirmatr in viewing 


JI FR 74.6 
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Mo od . have: ea. hes con- 
trivances for meaſuring ſmall objects, in 


all their dimenſions, by that inſtrument called, a 
micrometer; I ſhall refer the reader to the-ſeveral.. 


- writers. on optics for an account of them, and ſhall 


et! 


SW > —c———_—_—o —_ — 


Ig2: | 
bere only propoſe ane other method, which will 
cute ceaſy, and be very ready in practite : the con- 
| „ 

| re end ws 
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eee 3 thats 4. 


fiage (on which the obje&s are placed) moveable. | 
by a fine ſcrew which has :a hand gr. {mall index 
paſſing over the diviſions of a graduated circle. 


A tige threaded ſcrew is the efſential part in all 


mirrometers, af the heſt or molt perſect kind. This 


ſcxew was formerly placed in the facus of the eye- 
glaſs D E, fig. LA, plate vii. juſt here the image 
IM is foorned ; hut gaund this method Of a- 


ing it gare ſome 4nouble in voderftgnding and 


computing the dimenſions tagen by it 3 and 
therefone I have. here applied:to che ſtage, or anther 
to the objec itſelf; which being attentled With 
no difficulty, will, 1 preſume, render the we 


it more general and pleafurable. 


The upper part of the microſcope which con- 


tains the glaſs D E has a very fine wire in its 


focus, and to it any part of the image 1 M may be 


applied; or that wire may be applied to any part 


of the image, by a proper conſtruction of che 2 


PN Part 
object being then placed in a proper manner 
on the ſtage, the ſcrew is to be turned, till the 


of the mioroſcope lor chat purpoſe.  * 


image of the object has paſſed its whole lepgth | 
or - breatith under the wire, and then me quan- 


N * -of ies en ** ue cnt og "T'bvs'for 
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' The number of threads an the ſetew in one inch 

ö is fifty, and the number of diviſions on. the circu- 

| Jar plate is twenty. Therefore one thread, or one 
turn of the ſcrew, "meaſures one fiftieth part of an 
inch; and one diviſion of the plate is one twenti- 

2 eth of, ont fiftierh, that js one thouſandth part of an 

inch. So that ſuch a mietometer will very exactly 

L meaſure. any ſmall object, or its ſmaller e 

the thouſandth Pare of an eb. | 
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| 
Suppoſe the tubje were a : miges ang) it were 
required” to meaſure the length thereof; then 1 
place it in A flider, and chat flider on à ſtage in 

L ſuch a manner, that the mite may move length-wiſe 

J in che direction of a ſcrew, then I move or ſet the | 
l wire at right angles thereto, and fo as to touch the 
r 

f 


image of the mite at one end, very exactiy. This 
done, run. the wire till the image has paſſed its 
whole length under the wire; and having counted 
the turns, I find them four, and — diviſionss 
of another; the four turns are $$ or ves and the 
fourteen” diviſions are «$$, fo that the whole 
length of the mite is 7v35 part of an inch, which is 
almoſt one tenth part of an inch. | 


Again fo a ſecond example: uppoſ you mea- 
ſure the length of the egg of a mite, and find one 
turn of the ſcrew, and three diviſions on the plate, 
carry, it completely, under the wire ; then one re- 
volution of the ſcrew i is 5$ Or, 7750, and three * 2 
. 1902, ſq the whole length of the e 
equal to ved of an inch; that is, almoſt one * | 
fourth part of an inch; or forty-four ſuch eggs of a 
X mite - 
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mite will, if laid contiguouſly i in a Night! line, be 


near equal to one inen! in Wer north 


e 411 


I may dere oda, ht the micrometer my by 
eaſily applied to the ſolar microſcope ope; for let a 
fine ſtrait line be drawn on the ſcreen, and the end 
or ſide of the i image be placed to touehi it, then by | 
turning the ſcrew, it will thereby be bk nee whe in 


thouſandths parts of an inch. hog 


How great the pleaſure ariſing to the curious 
naturaliſts muſt be in the uſe of the micrometer, 
meaſuring the - ſmalleſt objects, may be better 
conceived than expreſſed: when by this means he 


aj an idea of the wonderful diſproportion | 
the ſmalleſt and largeſt objects 7 the fame ſpecies; 


as between the ſmalleſt of the finny fry and the 
largeſt whale; an animacula in vinegar and a rat- 

tleſnake thirty or forty feet long. And that the 
reader may have a clear perception of ſuch a ſur- 
priſing contraſt in the works of nature, I ſhall here 
give him a. calculation of the comparative 
magnitude of the egg of a mite, and. that of an 


| oftrich. 


- Suppoſe the IP of an | offict's tis be five 


inches (and ſome are larger); alſo let the tength 
of the egg of a mite be one fiftieth of an inch; and 
ſome are leſs than that; then the lengths of theſe 
two eggs will be to each other as five to one fif- 
tieth or two hundred and fifty to one; then as they 


are ficailar bodies, their e will be as 58 
l 
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cubes of theſe numbers, viz. as 15655000. to one ; . 
that is in oy © one egg of an oſtrich is equal to 


fifteen million fix hundred and fifty-five thouſand 


eggs of a mite. And there is great reaſon to be- 


lieve, that there are eggs of other animacula i in a 


ſtill greater degree leſs than thoſe. of a mite. In- 
deed the greateſt ſtretch of the human mind i is in- 
finitely inſufficient to explore the amazing and in- 
conceivable gradations « of miniature in every part 
of nature, even at their very commencement, and 
nothing but the all-piercing eye of boundleſs in- 


telligence can ſee through: a ſcries of ſuch N 
n OY 


; A Diagram of the —_ Microſcope. 


of a dark room, C D of the frame containing 
a ſcioptric ball EF; in the forepart whereof is 
ſcrewed the tube G I K H, at one end of which is 


a lens G H, whieh, by converging the ſun-beams . 
into a narrow compaſs, does ſtrongly enlighten the 


{mall object a b, placed on a flip of glaſs, or other- 
wiſe, in the part of the tube N Q where a ſlit is 


made on each fide for that purpoſe. Within this 
tube there ſlides another LMT M, which con- 


tains, A finall magnifying lens m r. 


X.2 > _ 
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ET A B be a ſection of the ee Fg. as. * 


Ad 
- » - 
"wu 8 


. 1 


Fig. 3. 
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45 moving the exterior tube I G 11 K one 


: - way, and the other, the glaſs GH, will be 
brought to receive the rays of the fun directly, 


and will therefore moſt intenſely illuminate the 
object a b. The other tube LM, being ſlid back- 
wards and forwards, will adjuſt the diſtance of the 


ſmall lens m r, ſo that the wage of the obj ect a b 


ſhall be made very diſtin, on the oppoſite nde 
of the room at OP; and the magnitude of the 
itnage will be to that of the ob og as che diſtance 


from the lens m r is to the Aitance of thevbjed - 
from it, as is eyident from the Agure, . 


4 * 
- 


* 


Of TELESCOPES. | 


EFORE ve enter upon the deſcription of te. 


leſcopes, it will be proper to ſhew how the 


rays of light are affected by paſſing through con- 
cave glaſſes, and alſo 1 Alling upon coneays | 
mirrours. 


When parallel rays, 4 14 pat paſſes 


directly through a olaſe A B, which 
concave on both ſides, they will 2 7 


paſſing through the glaſs, as if they had come from 


a radiant point C, in the center of the glaſs's con- 
cavity; which point is called the negative or vir- 


tual focus of the glaſs. Thus the ray a, after 


22 through the * AB, will go on in the 
UE 


A8 A TSS 


. an rr 
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&ireftionk 4, as if it had 1 from the point 
C; and n glaſs been in the Way. The ray b wilt 
go on in the diredtion m n; the ray e inthe dite. 
tton o p, &. The ray C, that falls direciy upon 
che middle of the glaſs, ſuffers no refraction in 
paſſing through it; but goes on in the fame | 
relinen Aeon x X 9 Bb hc da "Wy | 
way. c bs 


—— 
» 
cp © 
« 


—_ 
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ho ga at In ale ooh ads 
_ the other fide quite plane, the rays would have 
diverged, after paſſitig through it, us if they had come 
from à radiant point at double the diſtance of C 
from the glaſs 3 that is, us if the radiant had been 
at the-diftanve of CI OLI 
concavity, a 


it rays . glaſs | 
than parallel rays diverge: after paſſing through it, 
they will continue to converge after -paſſing 
through it; but will nat meet foſoon as if no glaſk 
had bren in the way; and will inoline towards be 
fame ſide to which they would have diverged, if they 
had come parallel to the glaſs. Thus the rays * 
and h, going in a converging ſtare towards the 
odge of the glaſs at B, and -converging more in 
their way to it than the parallel rays diverge after 
paſſing through it, they will g66n-converging after 
they paſs through it, though in a leſs degree than 
they did before, and will meet at I: but if-no-glaſ 
had been in their way, my" would have met at 34 


When the parallel rays, as d fa, Cm N e le, Fig. 4. 
fall upon a-concaye mirrour A B (which is not 
tranſparent, 


3 


erer d eee eee 


* 


G - 53, 


Draw the lines Ci a, C mb, and C h e, from the 


a \ e 0 | * 2 | . 


e necks the, farface A b B of 


qlear poliſh)- they. will be reflected back from that 


mirrour, and meet in a point m, at half the diſtance 


of the ſorface, of the. mirrour from C, the cemer of 


its goncavity: for chey will 10 reflected at as 
great an angle from the perpendicular to the ſur- 


kae of themirrour, as they fell upon it, with regard 


to that perpenpicular ; but on the other ſide there- 


of. Thus, let C be the center of concavity of the 


mirrour A b B, and let the parallel tays d f a, Cm 
b, and e I 6, fall upon it at the points a b, and c. 


center C to theſe points: and all theſe; lines will 
be perpendicular to the ſurface of the mirrour, be- 


cauſe they proceed thereto like ſo: many tadii or 
ſpokes from its center. Make the angle Ca h 


equal to the handle d a C, and draw the line a m 


h, which will be the direction of the ray d f: a, af- 


ter it is reflected from the point a of the mirrour: 
ſo that the angle of incidence d a C, is equal to 
the angle of reflection C a h; the rays making 
equal — n me: been y ebe 1 un "s 


(334.234 3110 gi To 


| Dram alſo Sea; Garin op to the a 


c, where the ray e Ic touches the mirrour; and, 


having made the angle Cc 1, equal to the angle 
Cc e, draw the line e mi, which will be the 
eee * 


The ray Cmb LR through 3 Sp 


x cop nd of EN mir wer, . 1 upon it at b, the 


ene, 


iy 


= i 


See. 
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perpendicular toit j and is therefore reffected back 


from it in the ſame line b m C. ty A 


Al theſ?* reflGatcl ar 


emits the 


4 et 434. ert 12 21 9 25 le TY; 2103 


carity:” 


The rays which proceed froin\ | e wee 


object ma he | parallel at the 
and therefore, age e that object will! 


el 
formed at m, het” the Nec ſutface of br 
concave mitrour! is u directi . the 


obſeck. * _ ke focus rn bf Per ivs is Lol 


in the center öf the Weiche Sr! ut half 
way between the microbr a and tllat center. 


of: 9211 1 9 


- The rays which proceed from" aby remote: tet- 


reſtrial object, are nearly parallel at the mirrour; 
not ſtrictly ſo, but come diverging to it, in ſepa- 
rate pencils, vor, as it were; bundles of rays," from 
each point of the fide of the object next the mir 
rour: and! therefore they will not be converged to a 
point; at the diſtance of half the railius of the 


mirrout's:c6ncavity from its reflecting ſurface; but 


into ſeparate points at a little greater diſtance 
from the mirrour. And the nearer the object is to 
the mirrour, the further theſe points will ibo from 


formed in them, which will ſrem to hang ꝓendentt 


in che Air; and will be ſeen by an eye placed be- 


ond vice b NY MAINAY gh 


iner tig ik pelt ch; '$ 
and in N the image of the body which | 
ler rays d Ob, and e eil be 
formed: Falch point is diſtant fron the its | 
rour equal to half the radius bm "of its cons 


254 26123077967 99% Þ n to g 207, Ango 


it; and an inverted image of the object ili be: | 
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Fig. 35 


Let A B be the refefing leber CT 


whoſe center of concavity is at C; and let, the up- 
right object D E be placed beyond: che center C, 
and fend; out a conical pencil, of divgrging, rays 


from its upper extrmity P, pq eyexy, Pint of the 
concave ſurface of the mirrour A cB. But to 


confuſion, we only draw three rays of that pencil, 


Neri regt. Ofc} my 1 274 T 
e 225 
From the copay. C. dee the free 
right. lines C B, touchin e Mirrour in 


2 * e = oh foreſai rays touch it ; 
bee lines will be . Þ 175 


f che mitrour. k le C 


_—_ to the angle DA. C, and draw ch. r | 
A d for the courſe of the reflected ray D gh 
the 


angle* C cd equal — c C, and 
draw the right line c d for the courſe of the reflected 
ray D d: 


7 an and draw She cight hoe. Bd for the 


fected rape will (cen: I the point 1d; — chey 


will form the extremity d of the inverted image 
e d, e e n e 


Ferrer 


Aus nelle cf dn B fl. Eg Ek be eitb con- 
| tinued to the mirtour, add their angles of reflection. 

from it be made equal to their angles of incidence 
upon it, as in the former pencil from D, they will 


all meet at che point e by reflection, and form the 


122. 82er 


make alſo the angle C B d equal to the 


. Sr K „ 


2 a 


240 * 


5534 0% 
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eaſily fee how the image is formed” by the large 


| the center of "voncavity, the" image 


X20 1 %0 0 ee Ro OO + ot. 2A. 
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e net 
miry E of the alyodt D-E, 


And as each iutertiedlatt point of the objeft, 
betwen D and E, ſends out à pencil of rays in 
like manner to every part of the mirrour, the | 
of each pencil will be reflected back from it, and 
meet in all the intermediate points between the 
extremities. e and d of the image; and fo the 
whole image will be formed, not at i; Ralf the 
diſtance of the mirrour from its center of coneavity 
C; but at a greater diſtance, between i and the 

object D TH and the image will be inverted with 


/ reſped to the object. 


This, being well aniderfivod, the reader wil 


coneavs mirrour of the reflecting teleſcope, 
2 od hy roger 5 char iar 
1 ens b ves 
tour than its center of concavity C, the image 
will be leſs than the object, and between the ob- 
jet and mirrour : when che object is nearer than 
will be more 
remote and bigger than the object: thus, if D E | 
be the d will be its image; for, us the 
object recedes' from the mirrour, the image ap- 
ptoaches nearer to it; and as the object approaches 
nearerto the mirrour, the image recedes farther 
from it j on · aceount of the leſſer or greater di- 
vergency of the pencils of rays which proceed from 
ve object; for, the leſs they diverge, the ſooner 
6 


they 
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they are converged to points by reflection; and 
the more they diverge, | the 9 they. muſt be 


PO OT ey ns | 
2842 


If the clin of the POE IEEE and 
the diſtance of the object from it be known, the 


diſtance, of the image from the mitrour is found 


by this rule: divide the product of the diſtance 
and radius by double the diſtance made leſs 
by the radius, oy the nn Wan re- 


e N 1 78 0 4 8 ing: | 


if the object bein the center 00 the are 


525 dent, and equal in bulk. 


| If a man places himſelf. direBly befor a ns 
age mirrour, but farther from it than it's cen- 


ter of concavity, he will ſee an inverted i 
of himſelf in the air, between him and the mir- 
rour, of a leſs ſize than himſelf. And if he 


holds out his hand towards the mirrour, the hand 


of the image will come out towards his hand, 


and coincide with it, of an equal bulk, when 


his hand is in the center of concavity; and he 


will imagine, he may ſhake hands with his 


image, If he reaches his hand farther, the hand 


of the image will paſs by his hand, and come 
between his hand and his body: and if he moves 
his hand towards either ſide, the hand of the image 
will move towards the other; ſo that whatever 


way the object moves, da une 49 
ene. 5 os Op | It 


— 


6 
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All che While a bye · ſtander will ſee nothing of 
the image, becauſe wn Was e raſh . . 


form it enter his eyes. 


Ifa fie be made PTR, om, and a ff » 
mahogany table be placed at ax good diſtance near 
the wall, before a large concave mirrour, -ſo 
placed, that the light of the fire may be reflected 
from the wirrour to its focus upon the table ; if a 
perſon ſtands by the table, he wilt ſce nothing upon 
it but a longiſh beam of light: but if he ſtands at 
2 diſtance towards the fire, not directiy between 
the fire and mirrour, he will fee an image of the 
fire upon the table, large and erect. And if ano- 
ther perſon, who knows nothing of this matter 
before- hand, ſhould chance to come into the room, 
and Poul look from: the fire towards the table, 
he would be ſtartled at the appearance; for the 


cable would ſeem to be on fire, and by being near 


the wainſcot;' to endanger the whole howſe: - In 
this experiment, there ſhould be no light in the 
room But what proceeds from the fire; and the 
mirrour ought” to be * Tihcon: inches in 
denen ' : ; 4 


17 the fire be darkened by a ſcreen, and a wa 
ende be placed at the back of the ſcreen; a per- 
ſon ſtinding by the candle will ſee the appearance 
of a fine — ſtar, or rather planet, upon the ta- 


ble, as bright as Venus or Jupiter, And if a ſmall 


wax taper (whoſe flame is much leſs than the flame 
of the candle) be placed near the candle, a ſa- 
tellite to He planet will appear « on 1 the table: and 


'Y 2 8 


* . / . 
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| xeleſcope, the eye is in the focus of, che eye-glaſsy 


| — celefoopey dee whih: in dit: + 
| A. cft the object in vitwing it, is called the oby. - 
| je& glaſs; and that which is neateſt che eye, i 

called the eye-glaſs... The obje&t-giaſs; muſt: bt 
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convex, but the eye - glaſs may be either cobven of 
concave: and generally, in locking tough a 


though chat is not verꝝ matefial ; for the diflante 
of the eye, as to diſtinc̃t viſion, is indifferent, pro: 


vided the rays of the pencils fall upon i parallel: 


only, the nearer the eye is to the end of the te: 
lefcope, the larger is the ſeep oj ws e ol 


of view. | Ws : 


** 


PlatelX Let c d be a convex-glaſs fixed ; in a Jong tabe, 


Fig. 1. 


ki i, flowin ng from, the upper extremity Ai 


and have its focus at E. Then, a pencil of rays g 


AB, will be ſo refrafted by paſling 


mote objec 


[ through the glaſs, ; as to converge, and. meet in the | 
point f; whillt the pencil of rays kIm flowit 


from the lower extremity B, of the fame object 


the.re- 


B, and paſſing through the glaſs, will conyerge and 
de in the point e: and the innages of the polnn | 
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A and By will be formed in alte punti T und , 
And 28 all tlie intefmetliate polnts of the ubjettʒ be. 

twern A and B, fend cut pencils of rays in the ame 

manner, & ſufficient number of theſe pendily: will 

b aſs through the obje&-glaſs e d, and conyerge to 


aby ite rmemade POlits reween e And fz ind 


so WIII fort he Vue HrveRed ittvgge e EI ör de 
ame öbject. But becabſe ts image is knall, 
a cHtaye gl 1 U 8 6 W plated-in ehe end of the 
abe HERE the eye, vat TY VIf᷑hal eus mmky be d 
Ant ss the rays of the pehens paſs any 
ing thröngtr the cbneuvt Maſs; but crverge leſd 
lter pling. threugt It than Before, they ge on 
further, as t6 band uf before whey ert and the 
peibils themſelves being Made te diverge — 
pain kRrougk tht esherve glam; they enter 
eye; And Wm the large picture 4 B pon he 
77 Wefeen it 8 OT wy n 
b * , +: 1:51 68 


But this lata — whith 
renders it unfit for moſt purpoſes, which is, that 
the pencils of rays being made to Ufvetge by pas- 
ing through the cbncade Blaſs n ö, Very fe ö 
ther Fan eitel tht pupil of the eye; and there- 
fore the Held of view is bur very mall, 8 b eri 
dent by the igöre. For hott of the penens 
Which flow either From the tp or bottom of We 
o dect R B can entet the pupit of the eye at C, dot 
ate all ſtopt by falling upon the ifs ade amt be. 
loy the pupil: and therefbte only the middle 
part of the object can be ſeen Hen the tele fcbpr 
lies directly towards it, means of thoſe rays 
| Fhich —— froth the ni of = objec. gu | 
at 
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that to ſee che whole of i it, the teleſcope muſt be 


moxed upwards: and downwards, unleſs the ob- 


CC 


a convex eye-glaſs, as g h, in place of the concave 


"This i inconvenience 4 3 1 ſubſtituting 


one; and fixing it ſo. in the tube, that its focus 


may be coincident: with the focus of the object- 
glaſs c d, as at E. For then, the rays of the pencils 


flowing from the object A B, and paſſing through 
the object-glaſs c d, will meet in its focus, and 
form the inverted image m F p: and as the image 
is formed in the focus of hy eye-glaſs g h, the 
rays of each pencil-will be parallel, after paſſing 

through that ; glaſs ; but the pencils n 


will croſs in its focus, on the other ſide, as at e: 


12 the pupil of the eye beipg in this focus, the 
mage will be viewed through the glaſs, under the 


4 geh; and being at E, it will appear mag. 


nified, fo.as to fill the whole ſpace C Me Fae 


But, as this teleſcope inverts "the image SE : 


reſpect to the object, it giyes an unpleaſant view 
of terreſtrial objects; and. is only fit for viewing 


the heavenly bodies, in which we regard not their 
. poſition, becauſe their being inverted does not ap- 


. Pear, on account of their being round. But what- 


ever way the object ſeems to moye, this teleſcope 
muſt be moved the contrary, way, in order to keep 


ſight of it; for, ſince the object is e its 


motion will be ſo too. 


The magnifying power of this ueltage 1 5 q 
| 0 
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the focal diſtance of the obje&-glaſs to the focal 
| diſtance of the eye-glaſs. Therefore, if the former 
be divided by the SY me nyt will in tian 


the ma gntpug power: 


nent f 0 

When we ſpeak. of. W by areleſeope 
or microſcope, it is only meant with regard to the 

diameter, not to the area or ſolidity of the Few 
But as the inftrument magnifies the vertical dia- 
meter, as much as it does the horizontal, it is eaſy 
to find how muck the whole viſible area or ſurface. 
is magnified : for, if the diameters be multiplied 
into one another, the product will expreſs the mag- 
nification of the whole viſible area. Thus, ſup- 
poſe the focal diſtance of the obje&t-glaſs be ten 
times as great as the focal diſtance of the eye- 
glaſs ; | then; the object will de magnified ten 

times, both in length and breadth : and ten mul- 
tiplied by ten, produces one hundred; which 
ſhews, that the area of the object will appear one 
hundred times as big when ſeen through ſuch 4 
W e ee WIE AE, - 


Hente it appears, chat if the focal diftatice' of 
the eye-glaſs,” were equal to the focal diſtance of 


the object · glaſs, the E te- 
nn eee 


This ene may be 1 to a} 1n any 
given degree, provided it be of a ſufficient length. 
For, the greater the focal diſtance of the object- 
glaſs, the leſs may be the focal diſtance of the 
eye-glaſs ; though not directly mn proportion. 
1 an ee of ten feet focal diſtance, 
will 


AN q 0 


vill admit of an gyr-glaſs whiaſe focal diftance it 
little more than two inches ang à half! whick will 


magnify near forty-cight times ; but an object 
glaſs, of one hundred feet focus; will require an 


eye: glaſs ſomewhat more than ſi inches; and will 


f theeofote magnify nhnef-eno Gy times. 


| image E m P, of che object A B and as chis 
image is alſo in the focus of the eye-glaſs i k, and 


A releſeope for viewing terreſtrial oblefts, 1 
be ſo eonſtructed, ap te. ſhew them in their gajys 


tural paſture. Ang thi is dove hy. ops cee, 
. Saſs. 8 d, and three eye-glaſſes 8 f, g h, i F ſo 
plaged, that the diltance td, to, Which 


arg neareſt mee aner, may be qual. to the tore 
of their facal difanges 3 AS in 
the faguy of the glaſſes c d and ę f meet at F,thale 
of the glaſſes e fg nd & he Ret $9.97 1.996 
i k, at n; the eypabying zt h, in r negt che fi oc 
of the exe-glaſs ih ag che other fide; :: Thep,.it 
rens 2 ms Whigh flow from 

d, wil} meet and 3 inyerted ĩmage © FH 
D in the focus of that glaſs ; and he i image being 
alſo in the focus of the glaſs e f, the rays hey, the 
pencils. will became parallel, after paſſing through 
that glaks, ang erols at I, in the focus af the glaſs 
ef om whence thay paſs an 40 the next glaſs g 
h, and by going through it they are converged to 
points in its other focus, where they form an erect 


the eye on the ſide of the ſame glaſs; the 
image 'is viewed through the eye-glaſs in this 
teleſcope, in the fame manner as through 
"I in the former one; only in a contra- 

TEE» | 


the figure, Where 


through. the abjeft-glaſp 


the 


n 


eo Re. r =O om. 
— 
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ty poſition, that is, in the ſame poſition with the 


object. 
T he three glaſſes denk the ge; have all their fo- 


cal diſtances equal : and the magnifying power of 
this teleſcope is found the ſame way as that of the 
laſt above.; viz: by dividing the focal diſtance of 


the obje&-glaſs d d, by the focal diftance of the 


eye-glaſs i k, or g h, or e f, fince all cheſe de 


are equal. 


When the tays of light are ſeparated by refrac- 
tion, they become coloured, and if they be united 


again, they will be a perfect white. But thoſe 
rays which paſs through a convex glaſs, 
edges are more unequally refracted than thoſe pe 
which are nearer the middle of the glaſs, And 
when the rays of any pencil are unequally refracted , 
by the glaſs, they do not all meet again in one and 
the ſame point, but in ſeparate. points; which 
makes the image. indiſtin&, and coloured about 
its edges. The remedy is, to have a plate with 
a ſmall round hole in it's middle, fixed in the tube 
at m, parallel to the glaſſes. For, the wandering 
rays about the edges of the glaſſes will be ſtopt, 


by the plate, from coming to the eye: and none 


admitted but thoſe which come - through the 
middle of the glaſs, or at leaſt at a good diſtance 
from” its edges, and paſs through the hole in the 
middle of the plate, But this circumſeribes 
the image, and leſſens the field of view, which 
would be much larger if the plare could. be diſ- 


penſed with. 


2 EE The 


Why 


colour 


— 

ſeen 

thro 2 
teleſ- 


cope. 
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XN INTRODUCTION. To 
The Benocular ir Double Ti ep. N 


ESIDES the teleſcopes deſcribed before ; 
there is alſo one called a binocular or double 


teleſcope. . This is no more than two equal tele- 


fcopes ſet in a frame, parallel to one another; and 
theſe may be ſet at a proper diſtance from one ano- 


- ther, by the help of ſcrews; and that diſtance is to 


be the ſame, as the diſtance of the two pupils of 
the eyes. When that is adjuſted, a perſon is to 


look through them both at once; through one 


Ex peri- 


n.Cnt. 


with each eye, to any object; which will then be 


ſeen by both eyes, and appear far brighter than 
through a ſingle teleſcope. 


All teleſcopes i in general repreſent all terreſtrial 
objects to be nearer hand, but not larger; and 
this nearneſs, vicinity or ſeeming approach of the 


object, is as the magnifying power of the tele- 


ſcope. Thus looking at a man one hundred yards 
off, with a teleſcope that magnifies one hundred 


times; the man will appear no bigger, but will 


ſeem only to be a yard off; and the like of other 
objects ſituated on the earth. 


The magnifying power of a lation by expe- 
riment, is by making two equal circles of paper of 


an inch diameter or more, and fix one of them. upon 
a wall one hundred or two hundred yards diſtant; - 


and the other at a ſmall diſtance, in a line with the 
firſt. Then Took at the further circle through the 
teleſcope with one eye, and at the near circle with 


the other eye naked. Move the hearer circle (or 


skFUL KNOWLEDGE. 
elſe the teleſcope) back and forward, till the two 


circles appear equal, or coincide. Then meaſure 


the two diſtances, from the eye-glaſs of the teleſ- 


cope to the two circles; then divide the greater 


diſtance by the leſſer, and you have the magnify- 
ing power of the teleſcope. 


. 
- 
4 - 
- — — — 
o . 


77 try the Goodneſs of an Obje Glaſs. 


1 neſs of an object glaſs than putting it in a 
tube, and trying it with ſeveral ſmall eye-glaſſes, 


by looking at ſeveral diſtant objects, and particu- 
lary at the title page of a book. For that glaſs 


which repreſents objects the moſt bright and diſ- 


tinct, and bears the greateſt aperture, and the 


ſhorteſt eye-glaſs, without colouring or dimneſs, 
is the beſt glaſs, 


If ſeveral teleſcopes of the ſame length be. com- 
pared together, theſe are the beſt, with which you 
can read the ſame print, at the greateſt diſtance. 
And this may be a rule for thofe that buy teleſ- 


* 


3 
There are four principal things in a teleſcope to 


be conſidered: 1. Magnifying power. 2. Diſ- 


tinctneſs. 3. Brightneſs. 4. The viſible angle, 
or linear view it takes in. | 
9 bs 2 2 A Table 


FTVHERE is no better way for trying the good- 


copes, by which they may know how to chuſe the 


1 71 " 
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A Table of the focal Diftancts, Apertures, and magnify- 
ug Towers of Rerairing Telgeopes, ©" | 
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We Reflecting Tele ſcope. 


1 — 


T E great inconvenience 8 the ma- 


nagement of long teleſcepes of this kind, 


has brought them much into difuſe ever ſince the 


reflecting teleſcope was invented. For one of this 


fort, fix feet in length, magnifies as much as one 


of the other at an hundred. It was invented by 


Sir Ifaac Newton, but has receiyed conſiderable 


improvements ſince his time; and is now generally 


conſtructed in the following manner, which was 


firſt propoled by Dr. Gregory. 


At the bottam of the great tube TEE S;2 Faq 


placed the large concave mirrour DU VF, whoſe 
principal focus is at m; and in its middle is a 
round hole P, oppoſite to which.is placed the ſmall 
mirrour L, concave” toward the great one; and 
ſo fixed to a ſtrong wire M, that it may be moved 
farther from the great mirrour, or nearer to it, 
by means of a long ſcrew on the outfide of the 
tube, keeping its axis ſtill in the ſame line Pm n 
with that of the great one. Now, ſince in viewing 
a very remote object, we can ſcarce ſee a point of 
it but what is at leaſt as broad as the. great mir- 
rour, we may conſider the rays of each pencil, 
which flow from every point of the object, to be 
parallel to each other. and to cover the whole re- 


flecting ſurface DU V F. But to avoid confuſion 
in the figure, we ſhall only draw two rays of a penci! 


flowing from each extremity of the object into the 
great tube, and trace their progreſs, through all 


their reflections and refrattions, to the eye f, at the 
end- 


Fs 


. 
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end of the end of the ſmall tube t G1 which is & pine 
one EO” RN 


Let us then ſuppoſe the abit A Bt to be at 
fuch a diſtance, that the rays C may flow from its 
lower extremity B, and the rays E from its upper 


extremity A. T ben the ke C falling parallel 


upon the great mirrour at D, will be thence re- 
flected, converging in the direction D G; and by 


croſſing at I in the principal focus of the mirrour, | 


they will form the upper extremity I of the in- 
verted image I K, ſimilar to the lower extremity 
Bof the object A B: and paſſing on to the con- 
cave mirrour L {whoſe focus is at n) they will fall 
upon it at g, ind be thence reflected converg- 
ing, in the direction g N, becauſe, g m is 
longer than g n; and paſſing through the hole P 
in the large mirrour, they would meet ſome where 
about r, and form the lower extremity d of the 


erect image a d, ſimilar to the lower extremity B of 


the object A B. But by paſſing through the pla- 


no- convex-glaſs R. in their way, they form that 


extremity of the image at b. In like manner, the 
rays E, which come from the top of the object A 
B, and fall parallel upon the great mirrour at F, 
are thence reflected converging to its focus, where 


_ they form the lower extremity K. of the inverted 


image I K, ſimilar to the upper extremjty A of the 


object A B; and thence paſſing on to the ſmall . 
mirrour L, and falling upon it at h, oy are 


thence reflected in the converging ſtate h O; and 
going on through the hole P of the great mirrour, 


oy will meet nn about Þ and form there 


the 


the 1 
ſimil. 


 _ USEFUL KNOWLEDGE. 
the upper extremity a of the erect image a d, 
ſimilar to the upper extremity A of the object A 
B: but by paſſing through the convex-glaſs R in 
their way, they meet and croſs ſooner, as at a, 
where that point of the erect image is formed. 
The like being underſtood of all thoſe rays which 
flow from the intermediate points of the object, 
between A and B, and enter the tube T T; all 
the intermediate points of the image between a 
and b will be formed: and the rays paſſing on 
from the image through. the eye-glaſs S, and 
through a ſmall hole e in the end of the leſſer 
tube t t, they enter the eye f, which ſees the image 
a d (by means of the eye-glaſs) under the large 
angle c e d, and ee in 1 under that 
angle from c to d. | 


In the beſt refleting teleſcopes, the focus of 
the ſmall mirrour is never coincident with the 
25 m of the great one, where the firſt image I 

K is formed, . but a-little beyond it (with reſpect 
to the eye) as at n: the conſequence of which is, 
that the rays of the pencils will not be parallel 
after reflection from the ſmall mirrour, but con- 
verge ſo as to meet in points about q, e, r; where 
they will form a larger upright image than a d, 
if the glaſs R was not in their way: and this image 
might be viewed by means of a ſingle eye-glaſs 
properly placed between the image and the eye: 
but then the field of view would be lefs, and con- | 
{equently not ſo pleaſant; for which reaſon, the \ 
glaſs R is ſtill retained, to enlarge the ſcope or 
area of the field. 


To 
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To find the magnifying power of this teleſco pe 
multiply che focal diſtance of the great mer | 
by the diſtarice of the ſmall mirrour from the 
infage next the eye, and rtiltipiy the focal diffatice 
of the frmall mirrour by the focal diftance of the 
eye-gfaſs : then, divide the product of the for- 
mer muftiplicatiom by the product of che lat- 
ter, and the Panel will expreſs the e 
power. 


1 ſhall W ee the dime nſions of one i 
Mr. Short's reflecting relefcopes, as deſcribed in 


Dr. Smith's bf 


The focal diftarce of the great mirrour 9.6 
inches, its breadth 2. 3; the focaF diſtance of the 
ſmall mirrour 1. 5, its breadth 0.6 : the breadth of 
the hole in the great mirrour o. 5; the diſtance be- 
tween the ſmall mirrour and the next eye-glaſs 
14.2 the diſtance between the two eye-glaſſes 2.4; 
the focal diſtanee of the eyeglaſs next the meta} 
3.8; and the focul aittanct of the da next 


the eye 1. 1. 
One great advantage of the Mins teleſ- 


k cope is, that: it will admit of an eye-glaſs of a 


much ſhorter focal: diſtance than a refracting te- 
leſcope will; and, conſequently, it will magnify 

ſo much the more: for the rays are not co- 

loured by reflection from a coricave mirrout, if 
it be: groundi to a true figure, as they are by paſſ- 
ng through * let it be 88 ever 
© true. 


The 


l COT IE KS Wi Eb 


The adjuſting ſete w on the werke e by 
tube fits this: teleſcope to all forts Uf 
bringing the malt mirrout either neartt't 
oye of remdvwing it farther”: by which the 

the rays are made £6 diverge à little; for ffbrt- 
ſighted eyes, or 1 1 for thoſe, Ks 4 Bog 
n es En Tour ohne "eh 


NI nada: 94771 af ten. 151 4 


The nearer d objeR 1 " 2 tell ee 
Mbre ile wore 15 will diverge befole 
fal! upon the great mirrour, and therefore! 9 
vill be the longer of merting in points after re- 
ftection io that the firſt image I K will be formell 
at a greatet diſtance from the- large trirrour, when 
the object is near the teleſcope, than when it is 
very remote. But as this image muſt be formed 
farther from the ſmall mirrour than its principal 
focus n, this mirrour muſt be always ſet at a 
greater diſtance from the large one, in viewing 
near objects, than in viewing remote ones. And 
this is done by turning the ſcrew on the outſide 
of the tube, until the ſmall mirrour, be ſo adjuſt- 
ed, that the object (or rather its image) appears 
Res | 
21474 10 e © . 

* en through any eclefvonis towards- 
okject, we; neyer fee the object itſelf; hut on} 
that image of it which is formed next the eye il 
the telefeope, | For, if a man holds his fingef or a 
ſtick. between his bare eye and an object, it 
will. hide part (if not che whole) of the objeR frorn 
hig view. Bux if he ties a ſtick acrofs the mouth 
of a teleſcope, before the object- glaſs, it will hide 
N Por of the Mme} object he ſaw W 

a the 


* G 4 4 1 * 
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Plate X. 
Fig. 1. 
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the..eleſcqps; hefore,; unleſs. it covers, the hole 
mouth of-t the tube >; for, all the effect will be, to 

nake the. Pies appear dimmer, becayſe it inter- 
cepts part the rays. Whereas, if he puts only a 
piece of wire acroſs the inſide of the tube, between 
the 7 and his eye, it will hide part of the 

ject which he thinks he ſees: which proves that 
he fees not the real object, but its image. This is 
alſp confirmed by, means of 'i.v mall mitrour L., 
in the reflecting teleſcope, whicp is made oſſopake 
mega, and. 9 5 directly between the eye and the 

e towards which the. teleſcope is turned; and 
0 | hide. the whole object from; the eye, at e, 
d Rt Milet and S are taken gut. of the 


tube LE nfl, 40353121); 901, 16:5 - Ro; 5 57% 


QUINDTV II: 29192 2 | | | 
1 edo imer 121 41 ci ls < 22017 I 
90 0070 7731.4 At Natal 50 5 40 
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HE entriphying glaſs is made by 8 
don the round fide h i k of a Gon ven- glaſs 


* 
205 
©. &# - 


A B,i into ſeveral flat ſurſates, as h b, b I, dy d K. 


An; object C will not appear magnified, when ſeen 
through this glaſs, by the eye at H; but it will 
appear multiplied into as many different objects as 
the glaſs contains plane ſurfaces. Fox; ſince: rays 


will flow from the object C to all parts of 'the 


Get. and each. un: futface' will refradt theſe 
| Nn MAL 10 - fays 
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rays to the eye, the ſame object will appear to the 
eye, in the direction of the reys which enter it 
through each ſurface. Thus, a ray g i H, falling 


perpendicularly, on the middle ſurface wi 
* 
9 


through gh che g! 46 to che &ye without uffering 
refratisn'; ; and will therefore ſiiew the object f 
its true place at C: whillt a ray a b flowing from 
the ſame object, and falling obliquely on the plane 
ſurface b h, will be refradted i in the direction b, e. 
by pa paſſing through the glaſs; and upon leay] | 
ir, will go on to. the eye in the direttion.e e. 
Thick wall caufe the ſame object C to appear .a 
at E, in the direction of the ray H e, produced in in 
the right line Hen. Rs the ray c d, flowing 
from 1 object C, and falling olle del on the 
plane ſurfa will be refracted (by paſſin on 
throw F Ig th wi ok ade a 2 to 8 | 
15 1 55 il cauſe. the ſame object to appear at; 
„in the irection H fm. | If che glaſs be, turned 
round the line g H, as an axis, the object C will 
keep, its place, becauſe the ſurface, b I d is not en 
moyed, but all the other objects will ſeem. to. gg 
round C, becauſe the es plages, an, which 
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Ir the Sn a en bg placed in a tube i 


rob; will de Tefieted pa upwards from os Fm 
ſta 


the ſide r a Ge box, Within which is che ke pln e 
mirrour E F, reclining backwards in 11 0 105 
forty-five degtees from tHe perpe ne 1 
* of rays | flowing from 2 0 ohy BR 
and paſſing through. Me convex- glafs to the = | 


ind 


points, as 1 and K {at th ance 
feels rem see ar H Be i'r 6 mir- 


rour ese, not been in the way) and wilt fo 'the 


aforeſaid 1 images on an oiled paper ſtretched ho- 


| rizontally in the direction I K; on which paper 


the out- lines of the i images may be eaſily drawn 


with a black lead pencil; and then copied on a 


clean ſheet, and coloured by art, as the objects 


- themſelves are by nature. In this machine, it Is 


uſual to place a plane glaſs, unpoliſhed, in the 


horizontal . I K, which glaſs receives 
8 N HH Wt - 12 — 4 the 


£ . 
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che images of the outwrartpbjeths ; ;and meh but 
ines may be taced upon it by'a Blade-daid pech 


elt B A Heico lt bo Fiss ins e n 
(Noi. The tube in which che nohvwer- it 


CD is fred mut br ade to-duaw one; r PfHe 
in, ſo. a5 ea-2djvfithe Aiſtande uf tt glus from 


the plane thwravr; ĩn ſpropumtionſto the diſtunee . = 


the and dhjecta; whichithewpenttor does, u 


nh be en theirr images (tiffiniily:painced 
madd g . Loni 230 aft % 


augen 2d * Ji on. 1% ib z Hhẽẽjç 


or this _ 


1 ee x bu i2gagal image, us EK. % e 


82 upright.qbjeR A By. gepentis upon the jungles = 


of incidence. of the rays vm tlic plane mtr = 


£ being equal to their angles of reflection from 
it. For, if a perpendicular be ſuppoſed to be 
e to the ſurface af. chæ plane mirrour 
here the ray A a C e falls upon it, that ray will 
reflected upwards in an equal angle with the 


arie,. 


other öde of, che pergendievlar,..jn/the line e d H, 
ot Again, 193 \Rerpendleula be drawn to ea Mit ; | 


Tong ty i Point f, 1 MW A; bf falls 
wpog it, hat ray A will Ne efted in an equal angle 
from the other ſide of the perpendicular, in che 
line f h I. And if a perpendicular be drawn from 
che point g. where: the ray A dg fally upon 
mirrour, that ray will be reffected in an equal 
gle from: the othen fide. of the perpendicular} in che 
line.g i h 59: thas; all che rays of che pencil ah 
c, flowing from the upper extremity of the;abjef! 
A B, and paſſing through the convex-glaſs C D, 
to the plane mittaur E. F, wilt be reſflesbell- Fom 
the mirrour and meet at I, here: they willi ſorm 
*. Freer I of the image I K, ſimilar to the 

| extremity, 


he usderſtocd of) the pencil q D, flowing from 
. the rays from che extremity K of: the image; ſimi- 
oſſahe object tu the mirrour, through the convex · 


Shao This may be further improved by placing 


wore illuminated; and afford a plecfuirer view. 


_ © ANMNTRODUCTION To. 
extremity A of the pbject A B. The like is to 


the lower extremity of the object A B, and meet- 
ing at · K (after reflection 95 the plane Mirrour * 


lar to the-extremicy B of che obje&: and io bf all | 
the pencils that. flow from the intermediate points 


a convex lens of ſix inches facal:diſtagęd, and fou 
inches diameter, or more if it be required longer 
between the. mirrour' and the ground glaſs, and 
though this-will reduce-the; picture, -yet'ir will be 


tro 30338) l 22a nnch gs AFG 
9d 07 bio (ut od 16h PIbn3G137 . 0 oo 
- 2 r . * Y wP y 1 1 IVE” 


" 


2 + 
W v. Ter. 1 #: 40 _ oxy * + e wth er 
„ ler 9. Zan aps 16 in] as Vi > 7 ken. oft 


 DittBtions for Auth the” beft Compoſition for hg” 
* "Methl of Riflefting Ti a Capes ; 3. . 2 A 


: "Def f 92 7 " .of * Pr 52 8 ing, 1 ol; 25 
a proing ill great aun the trut A lic 
Sta HIS not HF 7 60 
Cr ve. ie . 275 e 
1 NF yp * Ea © *þ FE: 


eoort bi d 111 
TVHE perfection ae atk of which the 
1 ſpeculum ſhould be made, conſiſts in its 


| hardneſs; whiteneſs, and compactneſs ; for upon 
theſe properties, the reflective powers and durabĩ- 


Ae eren depend ur 5113/2307 ee 5 
Arn zalnleg us e 


The lbeſt Bowen for ce bei. bo get 
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Take good Swedith. copper two. pounds;! and 
when melted, add fourcen, ounces andi a half of - 
grane tin to. it; then, having talcen of ches di., : 
caſt it into an ingot, This tel muſt he 4, 
time melted 16 to, caſt the, ſpecnlum i but is in- 
325 iat ee fate wich a Jmall, bent, and 
erefare, will not caleine che tin into n | 
Reue 25 red off as ſoon ag it is melted gam 
it no eat than. ig abſolately neceſſaryon. In 
is ta, be obſerved, however, chat Ts me esl 


7. frequens melting, loſes, ſometlling of irs! 
Bardi and whiteneſs : when this is the cafeg it! 


becomes neceſſary to enrich the metal by the ad- 
dition of a little tin, perhaps in the proportion of 
half an ounce to a pound. And indeed when the 
metal is firſt made, if inſtead of adding the four- 
teen gunces and: a halfo of tin to the tio pounds 
of meltedi copper, about one ounce of the tin weſe 
to be (reſerved : and adfed to it in tho ſucreedin 

melting, before it i daſt off into the moulds, — 
compoſition would i be more beautiful; and the 
grain of it nuch finer: his j know'by experience 
CNN ><1$t1595- 2d Num 1 Watt den AE 


e 11 "77. fl "ot Flic: 03 22910 TH. Loo 20 


"T he beſt method for giving the melted metal ai 
good. ſurface is this: the moment before it is 
poured off; throw: imo the crucible a ſpoonful of 
charcoal duſt; immediately aſter which, the metal 
muſt he ftuwred with: a, wenden ſpatula, and poured: 


inte t Wenne biin of; GAA I ot 09m Av; 
ft ft eat (owing ogy % WN. #17 at 
he meta being aſl ghee ill be po,ocraion 


28 5 apparatus for grinding and po- 
g it. our * are all chat ar W 4] 
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2 . 
aß the metah u rah coe Winder, d Wife che 
matab is leceive it Mhericut gute 4 bed of 
llonerwhich les peifeRt ddt fbr, And dd 
mtl u ne med faces; ag Kd NN 10 
3 Which bott ee 12 
tie-hones ate to be farmed! N 
ee ea addirivhtl dp; But 5 
Sgtinder q ufd fd thiviperpole; Gar Pltthy ir- 
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i rHErefore par el 


 faneicexpediticuſly, ond'withour (city 


byi che bruiſe; che- 
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z The: tat-by:whichinhe rotigh futfaeeoſithe e- 


li gendered ſnasthnamböfte for che Montes i 
beſt; made of bead, ſtiffenaii iD A Hf or 


fGath plant oft im Ihid töub ffioue he at hi 4 
thind more im diameten tha chid metal WHIERIS to 
| be, grund und ſos ont of: any int led that? 
an inch . It may be cemented-upordvidtk: 


of wood, in order to raiſe, it higher "ym 
"Rover: belegt 2153 gaivig 101 bolt A Ne 


ei or 50h) eth 201 : 2% 8 0E boon 


J Tegen wol being cat it, wut be fixed in 
dhe habe and turned at ere as" It is . 
 the-gage} to the figute Bf che intehides 
- making a hole or pit in the middle 44 
for the emety, of about an inch dian 
_ tubok fouriigehſes:' es 
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be lac aſide for the preſent. .. eh ot, Gt 
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degree of, convexity! (by the aſſiſtance of a 


4 u 9 


| Theſe aca 0 to eee and 


N „ faſter. 7 


There is no on to. fear any alteration in che 
convexity of. this, took by working che metal upon 


it, for the emery. will bed-irfelf in the lead, and ; 
far arm che ſugtace; of eee | 


figure and cut the wetal very aft.; Any kind of 


a low handle, fixed-on. the back of the metal wah 
. ſoft cement will he ſufficient; . bur it ſhould cover | 


two thirds of its back to prevent its bending. This 
way of working will cut the metal tolexable faſt, and 
with „ than any opt I Nat 


deſeribed. .. 1 * 939i 8 Ge 0 1: 1077 12 4+ 


Wen all * tand. Bees Wm N 8 | 
the face of the metal are ground off, and the whole 


| ſurface. i iS ſmooth and regularly. figured, the ſpecu· 


lum is then ready for the eee ee ye 


8 3 


The Manner of forming the 25 Grinding Took... | 


Procure 4 round tour piece of. Hamburgh 
braſs, at moſt, 4 flxth part larger than the metal 
to be poliſhed, and let it be well hammered into a 
gage), 
ſuitable to the intended ſpeculum. Having done 


this, ſcrape anch ebean the eoncave ſide fo thoroughs |. . . 


ly, that it may be well tinned all over; then caſt 
upon it, after it hay been preſſed 4 proper depth” 
into the ſund, the former dompoſition of tin and 
lead in ſuch quantity, tha it may (for a ſpeculum 
of four inches diameter); be at leaſt an ineff ad 45 


: os 
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chan the top, in order that it may ſtand frmly Up- — 

on the bench; in che manner hereafter to be der. 

cribed. This being done, it muſit be fixed and 
turned in the lathe with great care, and of fuch a 


; convexity as exactly to ſuit the concave gage, which 


ve ſtyppoſe e made. It will be neceſſary to 


be more careful in forming this than the former 


. tool, and eſpecially that no rings be left from the 


turning; nor will the ſucceeding hone tool require 


ſo much exa@hefs, as any defects in turning, will, 


by a method hereaſter mentioned, be caffly reme- 
died; but” any equality or want of trurh in che 
braſs tool, will occaſion a great deal of trouble be- 


fore it can be ground out by the 7772 This 
tool muſt have à hole (forgewhat leſs Fan t 


that of 
the metal to be worked upon it), in the middle, 
quite through to the bottom. When this tool: 1 
finiſnied off in the lathe, its diameter r be on 


W wider than the metal. 


* 
—— 5 * by . % off, . & 8.0 and 
— (© . 74 6 fo YO ; , iis N 4 Fi; by "Ve 
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E cenld ban, sch 1 54 0: 


* Haring, bon whe: beſt inn ſuch as 


0 clock-wakers uſe in poliſhing! up their work 


(taking great care that there be no red veins in it, 
for Auch veins are generally hardeſt, therefore, 


will prevent its wearing equal) it muſt be then 


cemented: to a piece of ſtone, of metal, if the blue- 


| ſtone, cannot be procured, as large as ds required, 


in ene: piece, it may be joined tagt het with ce. 
ment, the we een, $i after Weary pen _ 


oF : % 4 , 
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it into inch ſquares, and about one eighth of an 


inch below the face of the ſtone, in order to carry 
off what wears off the ſtone; and likewiſe. what 


grinds off the metal. The bed of hones ſhould 


be one fourth part larger than the metal which is 


ground upon it, and xd van as true as ve . 


che gage i mee 
221 0 II's oF L431 LATE ; abc a 4: * Fi | 
woes 119 0142, ins 59055 t vv #4? ETC Gil 993 - 
STR 10 t, 2 
n. aue, 1 fuming 55 e the fu and 
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| This tool 2 likewiſe made of thick ſtout 


braſs, like the former, perfectly found, about a 
quarter of an inch thick; and hammered as near to 
the guge as polſible. It ſhould be then ſcraped, 
cleaned,. and tinned on the convex fide, as the 
former tool was on the concave, and the fame 


\ 


thickneſs of- lead and tin caſt upon it. 1 gener 


ral ape of this ſhould differ from. the former; 
for as that increaſed in diacheter at the bottom for 
| the fake of ſtanding firmly, fo, this, ſhould be ou 


as broad at bottom as at top, as it is to be uſed oc 
l in 1510 theſe ee When this 


11 
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at 4 65 the. 100 Ake e con- 
yex braſs grinder, the beds of hones, and the con- 


cafe bruiſers, the conyex. and concave braſs tools, 
. * b 2 | and 
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AN INTRODUCTION 10 


and the metal, muſt be wrought alternately and. 
reciprocally upon each-other with fine etnery and 

water, ſo as to keep them as nearly to the ſame 
figure as poſſible, in order to which, ſome waſhed 
emery muſt be procured. This is beſt dene by 
putting it into a phial, which muſt be half filled 


with water, and well ſhaken up, ſo that, as it fub- 
ides, the coarſeſt may fall to the bottom firſt, and 
the fineſt remain at the top: and when ever freſh 


emery is laid on the tools, the beſt method (which 


we ſhould always obſerve with the putey in poliſn- 
ing), will be to ſhake gently the bottle, and pour 


b dut a ſmall * of the turbid mixture. 


& 48 * 
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12 Bruſſer e 


All tke tools being ready, vpon a firm del in 
the middle of a room, you are to begin to grind 
the convex tool with the bruiſer upon it, working 
the latter croſs 3-ways, with ſtrokes ſometimes acroſs 
its diameter, at others a little to the right and left, 
and always ſo ſhort, that the bruiſer may not pals 


| above half an inch within the ſurface of the braſs | 


tool, either way, ſhifting: the bruiſer round its axis 
every half dozen ſtrokes, or thereabouts. You 
muſt, Iikewife, every now and then, ſhift your own 
poſition, by walking round,” and working at dif- 


-ferent ſides of the braſs tool; at times the ſtrokes : 
" ſhould be carried round and round, but not much 


over the tool: in ſhort, they muſt be directed in 


feb a wy and the ous grinding n 
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ſuch a manner, and with ſuch equability, chat every | : 


part of both tools may wear equally. This habit 


of grinding. as Well as the future one of F 


will be ſoon acquired. 


| Wheh'you ve Gs in 7 manner about 
quarter of an hour with the bruiſer upon the 


A 
06], it Wil be then neceſſary to change them, 
and, placing the bruiſer upon Its bottom, to work 
the convex er chat in ie" Tame manner. 


When by EOS TOW this nite müder 4. 


4 ternately-with the bruiſer and tool, and oceaſipn- 
ally atding freſh emery, you have neafly got cut 
all the veſtiges of che turning tool, and brought 


them both nearly to a figure, it will be then time 


to give the ſame form to the metal. This muſt 


de done by now and then grinding it upon the 


braſs tool with the ſame kind of emery, taking 


care however, by working the two former tools 
frequently together, to keep All chree exactly in 
the ſame curve. The beſt Kind of handle for the 


metal is made of lead, a little more than double 
its thickneſs, and ſomewhat lefs in diamerer, 'of 


about three pounds weight, with à hole in the 


middle, a lirtle larger than that in the metal: this 
handle ſhould be cemented on with pitch. The 


upper edge of this weight myſt be rounded of, 
that the fingers may not be hurt; and a groove 


about the bigneſs of the little finger, be turned 7 


und Juſt below it, for the more conveniently 
Folding and taking the metal off the tools. . 
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hones, and rubbed thereon with a 
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When the bruiſes braſs tool, aid metal, are all 


brought to the ſame figure, and have all a good | 
ſurface, the next part of the proceſs is to give a 


correct ſpherical 4 and a fine face to the me- 
tal, upon the hones. It will be neceſſary to pre- 
miſe, however, that the hones ſhould be placed in 
a veſſel of water, with which they ſhould be quite 
covered for at leaſt an hour before they are uſed, 
otherways they will be perpetually, altering their 
figure when the metal comes, to, be ground upon 


them. The ſame precaution is alſo. neceſſary, if 


you are called off from your work while you are 


grinding the metal, for if they be ſuffered. roy 
dry, the ſame i incondenieneg will Vis | 


In order to give 2 proper Sgure to > the — 


and exactly ſuitable to that of "6 braſs tool, 


bruiſer, and metal, when the hones are. fixed down 
to the block, ſome common flour emery (unwaſh- 
ed), with a good deal of water, muſt be. put upon 
them, and the bruiſer being placed upon the 
gentle ſtroke and 
a light hand, the inequalities of the ſtone wi be 
quickly worn off; but as a great deal of mud will 


be ſuddenly generated, it mult be waſhed ys every 


quarter of a minute, with a great deal, of water. 


By a repetition of this two or three times, the | 


hones (being of a ſoft and friable ſubſtance), will 


| be cut down to the mm without much wearing 


f 


J. 
* 


USEFOL KNOWLEDGE $40 19h 


or altering the bruiſer. Though buſineſs may be 


quickly done; and can be continued but for a few 
ſtrokes at a time; I need not ſay, that it is neceſſa- 
ry that thoſe ſtrokes be carried in the ſame direc- 
tion, and with the ſame care which was obſerved 
= grinding fe wo ip 15 r ie 
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fgure of the bruiſer; and all the turning ſtrokes are 
worn out from them; the emery muſt be carefullß 
waſhed off; in ordet to which, it will be neceſſarx 
to clear ĩt from the joints, with a bruſh, under 4 


ſtream of water The 'bruiſer and metal muſt be 


likewiſe cleared in the ſame manner, and with 


| 1 care, from wayturking: pee of — 


% Sitten DIRECT: 


1 The hüben being fined Get ao the Vleck, 1 ; 
now begin to work the bruiſer upon them, with 
very cautious; regular, ſhort ſtrokes, forward and 
backward,” to the right and left, turning the axis 
of the bruiſer in the hand while you move round 
the hones, by ſhifting your poſition, and walking 
round the block. Indeed the whole now Few by 
upon a knack in working, which ſhould be con- 
ducted» nearly in the following manner: having 
placed the bruiſer on the center of the hones, 
ſlide it in an equable manner forward and back - 


ward with a ſtroke or two directly acrofs. the 


diameter, a little on one fide, and ſo. on the other 


then ſhifting your poſition an eight part round 


the block, and having turned the hruiſer in your 
hand about as much, give it a ſtroke or two round 


and round, but not far over the edges of the hones, 


and then repeat the croſs ſtrokes as before: thoſe 
| round . 


292 AN'INTRODUCTION: TO; 
N round trokes (which ought nod tobe above two of 
three at moſt Yare given every time you ſhiſt your 
on poſition, and that of the, metal's, previous to 
tho croſs ones, in order to take ou any ſtripes ei- 
ther it the hones or bruiſer, which may be ſup- 
| poſed tor be orcafioned by the +ftraight croly 

- ſtrokes. During the time of working, no mud 
muſt be ſuffered to eollect upon the honey ſb as to 
dieſtroy the perfedd een tact between the twin tools; 
ati therefore they muſt ęvery nd and chen be 


Whem by working im this manner, Alf the emery 
ſtrokes ate ground off from the bruiſer, and it has 
* acquired a good: figure! and clean ſurface, you 
may then begin with the metal upom the hones, 


mud as faſt as it collect, though thut wilt Be much 
leſs now than wem the bruter was proud upon 
them. Every now and then} however; the brujfer 
niuſt be rubbed r eee bones, 
which wilt as it were; by Mi arpening them and 
preventing too great rege . 0 
- eve the metal much ſutenn tgo il o0b7% 
| a ISNT” | 
- When, beer having de time e 
| een the manner before deſcribed; the hone- 
pavement has uniformly taken out all the emery 
ſtrokes, and given a fine face and true figure to 
the metal, which will be welt known by the 
great equality there is in the feel while you are 
working, and by which, an experienced workman 
will fon a pretty certain judgment; having pro- 
deeded thus far, I fav, you may We e 


waſhed clean, by throwiag forme! water upon them. 


in the ſame cautious manner, waſhing off the 
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the metal upon the center 5 it, and give two 

three light okes round and round only, not car: 
rying, however, the edges of the metal much over 


the bones ; this will take out the order of ftraight 


ſtrokes: then having again waſhed the > hones, a 
placed-th e ſpeculum upon their center, with gen- 


tle 14 55 fide it towards you, till its edge be 


0 a little over that of the hones, then carry 


1 0 ulte acroſs the diameter as. tar as the other ſide, 
having given the metal a light ſtroke or y- 
in this direction, take it off the tool. The metal 
lace it upon a table at a 


being wiped quite dry, 
little, diſtance. from. a window „ Rand yourſelf as 


near the window. at ſome 8 from che metal, 
and looking obliquely on its Jurface, turn it round 
its axis, and you will ſee at every half turn the 
grain given by the laſt croſs firdkes Aaſh upon yout 
eye, at once over the whole face of the metal, 
This is 4s Certdin 2 proof of a true ſphetical figure. 
For as there, is nothing ſoft or elaſtic, either in t 
metal or in the holes, this glare is a certain proof 
of a perfect oontact in oy part of che two ſur- 


3 which there could not be, if the ſpheres. 


Were. not e and rien the ſame. 
Indeed there is one. accidental EP HD 


which, 

ew f of the li ſort; and this is, that a congave 
and copyex ſurface ground together, though ever 
n Tens Hh ang, be yaw 


from 


cefſarily Jo roger in this and every 


. 
* 
. * 


contrivance whatever. 
that the errors in reflection are four times as great 
as in refraction, and that the laſt defect in figure 


| mariner FT can; th 
which be undvoidably omitted (and which, at the 


| fame time, are SIO eſſential to the 180 
| 0 
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form and proper, conſiſting, eſpecially at laſt, of 
croſs ſtrokes in every direction acroſs the diame- 
ter) be formed into portions of true and equal 
ſpheres ; had it not been for this lucky, neceſſity, 
it would have been impoſſible to haye produced 
that corre&neſs which is eſſential 1 in the ſpeculum 
of a good reflecting teleſcope by any mechanic 
For when it is conſidered 


is magnified by the powers of the inſtrument ; any 
thing ſhort of perfection in the figure of the ſpe- 


culum, would be evidently pejecired by a want of 


diſtinctneſs i inthe performance. 8 


—1 muſt not, however, quit this article without 
obſerving! that I all along ſuppoſe, both in form- 
ing the tools, and at laft figuring the metal (and 


indeed the fame muſt be obſerved in the future 
proceſs of poliſhing), that no kind of preſſure | 
is ufed that-may endanger the bending, or 5 
larly { 15 | 
held wi 
fingers, and the motion giyen ſhould be in an ho- 


inding them; they ſhould, therefore, be 
a light hand, and looſely. between the 


rizontal direction, with nd more. Preſſure than 


| their own dead weight. 


Having now finiſkkd th 1 om the Kites 


and rendered it both in point of figure and ſur- 


face, fit for the laſt and moſt eſfentiat proceſs, viz. 
that of polling; 3 Will deſcribe it id dhe beſt 
vugh many little circumſtances 


W a wa — "A 
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of a mechanic proceſs) can 157 bee * 
actual experience. 1 {4 2 ſ 


The poliſhing t the ſpeculum i is che mot accu 
and effential part of _the whole proceſs; for every 
experienced workman knows, to his vexation, 
that the moſt trifling error here will be ſufficient 

to ſpoil the figure. of his ar, 20d, CTR his. 
preceding caution uſeleſs. b b £71 


1 ſhall explain 2 method not als of giving the 
metal a parabolic figure, but alſo of recovering it 
when it happens to be injured; both to be effekt⸗ 
ed in the act of poliſhing, and the former as cer- 
tainly as the Wen No is 1 8 _ the. | 
hones. 5 | | 


Indeed, ar we Wnkder nbch, bonhing aa 
be perceived to be but a kind of grinding with a 


9 138 = 


finer order of ſtrokes, and with, a powder infinitely | 


finer than what was before uſed i in what 1 is com : 


| ws called the rr 


. 91 10 * « CO b as 0 7 
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It is firſt DR Try to ok, 1 in bande to 
avoid the detrimental intruſions of any particles of 
emery, it would not be right to polifh in the ſame 
room where'the metal and tools were ground, nor 
in the ſame clothes which were worn in the former 
proceſs; at leaſt, it would be neceſſary. to keep the: 


bench quite vet. to prevent any duſt from riſing. 


Luc ) J Co 2 Having 
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Having then made the polifker by donting the 
braſs convex tool equally with pitch, * which we 
ſuppoſe i ſmoothed and finiſhed with the braſs tool 


in the manner before deſcri bed; and which is a 
very eaſy proceſs; the whats operativn is begun 
and finiſhed' 1 in the following x manner; | 


Flle leaden weigh or handle upon tlie bark of | 


the metal ſhould be divided into eigftt parts, by 


ſo many deep ſtrokes of a grayer upon the . 


ſurface of the lead, making, each ſtroke with 


numbers L, 2, 3, 4, and 10 on, that the turns of 


the metal in the hand may be known. to | be uni- 
form and regular. 4 | 


i} ' 7 


To prevent any miſchief 3 coarſe e 


i af putty, 1 always waſh it- immediately before 


uſi ing: in order to this, gut: about half ; an ounce. 
of putty into, an ounce phial, and fill it two thirds 
with water; then: having ſhaken the whole, let the. 


putty ſubhde, and ſtop the bottle with a,cork. 


In a tea-cup, with a little water, there ſhould 
be a full-ſized camel's-hair bruſh, and a piece of 
dry clean ſoap in a galley-pot : a ſoft piece of 


ſponge will alſd be neceſſary. Theſe, as well as 
the metal bruiſer and Fa ſnould de conſtant- 


1 coyered: roms duſt. 
The poliſher W ichn 0 f de ch * 


hair bruſh; being firſt wetted and rubbed a little 


over the ſpap; let every part af the tool be bruſmed 
over therewithʒ then work: the bruiſer with-ſhort,, 


. ſtraight, and round: 1 lightly: upon the tool 


my 


noo ant DSS Ar 


Wy 1 rern — 1 * 


the metal Igluly upom the 
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and continus to dm ſo, now and chen eurding it, 
tin the potiſher haue 4 good face, and be firi for 


the metal. Then baying: ſhaken: up the putty. in; 


the phial, and touched the poliſher: in five; of fa 
places witk the cork. wetted wich thut and: the 
water,. pluee the bruiſev upon tho tooh and give * 


few ſtrokes upon tho putry tu rub down! any grit: 
removed iti wools; . 
thbund) and N 


particles; after which, having 


round; carrying” the edges of: the fpetfohum;. how-- 
ever, not quitt half. an inch over the x 0 ** 
tool, and:tiom and them with a cel 0h 151 


The frtt pott, ads indeerd all. the ſuccending. 
applications of it, hould be wrqught with a con- 
ſiderable chile; for if time be. not given, for t the 

putty to bed icſelf in the pitthʒ and: any quantity 


of it lie ldoſe upon the poliſnet is will accumulate, 
into knobs; which willi injure the figure; of the 


metal: and therefore as often ad ever ſuch knobs 
ariſe, they muſt be carefully ſcraped off with the 
point of a pentnift ,. and the Iboſt᷑ ſbuff takeaway 


with the bruſh, After cke putty is welt wrougtte- 
into the pitch, ſome! more muy bur added inthe: 
ſame munmer, but never maudhl ar u time; and 
always remembering to works upon it firſt with ther 
bruiſer, for fear any gry pits may ſinditheir 
way upon the pol — 8 the ruiſer be apt tu 
ſtick, and do N ſmooellly/ upon the-picbhy. 


the ſtifube of eicher tob} may be odcafionalle - 


brifhed over with- the ſoap and aten but it. moth: 


be remembered, that cor gre mut be ar 
ae e 


8 „ ll 1 1 555 
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In the beginning of this proceſs little effect is 
produced, and the metal does not ſeem to poliſh 
faſt, in ſome meaſube owing. to its taking the 
poliſh in the middle, and perhaps becauſe neither 
that nor the bruiſer move evenly upon the poliſher: 
but a little perſeverance will bring the whole into 


a good temper of working; and, when the pitch 
is well defended by the coating of the putty, the 
Proceſs will advance apace, and the former ac- 


quiring poſſibly. ſome little warrnth, the metal 
moves more agreeable over it, with an uniform 
and regular friction. All this. while the metal 


muſt have no more preſſure than that which it de- 


rives from its own weight, and that of the handle; 


and the poliſher muſt never be ſuffered to grow. 
dry, but, as often as it has any tendency to do fo, 
the edges of it muſt be moiſtened with the hair 
pencil; and now and then, even when freſn putty 
is not laid on, the ſurface of the | err pr youre by 


touched with the bruſh. to not it 1 


6 W hin 55 poliſh.of the ern iy reaches the 


mitdle)'you muſt alter your method of working; 


for now the round ſtrokes muſt be gradually alter- 


ed for the ſhort and ſtraight ones. Suppoſing then 
you are juſt beginning to alter them; after having 


put on freſh; putty, and gently rubbed it with two 


or three ſtrokes of the bruiſer, you place the metal 


on the tool, and after a ſtroke or two round and 


round, give it Aa few, forward and backward,. and 


from ſide to ſide, but with the edges very little 


over the tool; then, having turned the metal one 


Fighth round i in your hand, and having moved 


"JR 


edge (for it always, as I ſaid before, begins, in the 


r 
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— as much round the block (which muſt be 


remembered throughout the Whole proceſs), you 


go on again with a ſtroke or two round, to — 
you only to the croſs ſtrokes, which ate now to be 
principally uſed, and with more boldneſs. After 
this has been done ſome time, the metal will be- 
gin to move ſtiffly as tlie friction now increaſes, 
and the ſpeculum poliſhes very beautifully and 
faſt; and the whole ſurface of the poliſhing tool 
will 'be equally covered over with à fine metallic 


bronze. The tool even now muſt not be ſuf- 


fered to become dty; a fingle round ftroke in 


each of your ſtations and turnings of the metal 


will be ſufficient, and the reſt muſt all be crofs 
ones, for we. are completing 2 circular figure. 


You muſt now be very diligent, for the poliſher | 


drying, and the friction increaſing very faſt, the 


buſineſs of the ſpherical figure i is nearly at an end. 
As the metal wears much, its ſurface muſt be now 


and then cleaned, with a piece of ſhammy leather, 
from the black ſtuff which collects upon it; and 
the poliſher | likewiſe from the ſame matter, with 
a ſoft piece of wet ſponge. You will now be ' 
able to judge of the perfect ſpherical figure of the 
metal and tool, when there is a perfect correſpon- 
dence between the ſurfates, by the fine- equable 
feel there is in working, which is totally free from 
all jerks- and inequalities. Having procceded 


thus far, you may put the laſt finiſhing to this 


figure of the metal by bold croſs ſtrokes, only 
three or four in the directions of each of the eight | 
diameters,” turning the metal at the fate time: 
this muſt be done quickly, for it ought, in this 


5 PET WRT particularly, to be remember. 


po 
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el, that, if pou permit the too d ,Grow \quite 
dy, you will aener he able, wich all your farce, 
| e eee e cir 


Derelitentu la. 


„The metal has vow 4 baufal polith and 
2 47 74 
the 


true ſpherical figure, but will by co 
8 ſham diſtinct image ia the 
n Gf 1 manner hereafter 
Fecammened) vill not be found to make paral- 
&l.rays coprerge ; withour greas, aberration; indeed 
vation will be ſo great, as to be very ſenſi- 
| bly, 5 by 2 Lex Mane an, ha 
AMIE a e 


It is here deckchty to NPY, hat 1 mol 
be a hole through che middle of the Polier, 2 
little leſs than the hole in the. metal, other way 8 
the hole in the metal world collect che e Pitch to- 


wards the middle, and hence would be impoſſible 


10 make a 1 No: 7 
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© tw eiu the deu Figure we Mandir! 


In order chen to gixe the ſpeculum the lat and | 


finithing figure whick is done by 2 few ſtrokes, ir 
. iche remarked, that by working 
b this, meant growing cſs, it eas 


ſphere may become parabolic, by o the 
extremes gradually from within putwards,. {oi 


vature 


in che middle: aud as 3 of a 


may be equally well done by increaſing the cur- 
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yature in the middle, in a certain ratio, from wit R | 
out inwards: . Bots n „ W126. wk 


. Suppoſing then the 68 to be now truly ſphe- 
fical, ſtop the hole in the poliſher, by forcing a 
cork into it underneath; about an inch, ſo that it 
do not reach quite to the ſurface ; and having 


waſhed off any mud that may be on the ſurface 


of the tool with a wet ſoft piece of ſponge,. whilſt 
the ſutface of it is a little moiſt; place the center 
of the metal upon the middle of the poliſner; 

then having, with the wet bruſh; lodged as much 
water round the edge of the metal as the projet- 
ing edge will hold, fill the hole of the metal and 
its handle with water, to prevent the evaporation. 


of the moiſture, and the conſequent adheſion be- 


tween the ſpeculum and poliſher, and let the 


whole reft in this ſtate two or three hours: this 


will produce an intimate contact between the two, 
and by parting, with any degree of 'warmth they. 
may have acquired by the vicinity of the APFInbor,: 
they will grow * cold together. 


By this time you may puſh out the * from 
the poliſher, to diſcharge the water, and give the 
metal the parabolic figure i in the following man- 


ner: 


Move the metal 1 and lowly at firſt, a 


very little round the center of the poliſher (indeed 


after this reſt it will move ſtifly) then increaſing 


by degrees the diameter of theſe ſtrokes, and 


turning the metal frequently round its axis, give 
it a larger circular motion, and this without any 
Dd preſſure - 


202 


. moving yourſelf as uſual round the block, and 
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preffure but its own weight, and holding it looſe- 
ly between the fingers : this manner. of working 
may | ſafely be continued about two minutes, 


carrying the round ftrokes in their increa ed and 
largeſt ſtate, not more than will move the edge of 
the metal half an inch or five-eighths over the 
tool, The ſpeculum muſt not all this while be 


taken off from the Poliſher ; and conſequently no 


freſh putty can be added. It will not be ſafe to 


continue this motion longer than the time above- 
mentioned; for if the parabolic tendency be car- . 


ried the leaſt too far, it will be impoſſible to reco- 
ver a true figure of that kind, but by going 


through the whole proceſs for the ſpherical one in 


manner before deſcribed, by the croſs ſtrokes 


upon the poliſher, which takes a great deal of 


time, However, when there is occaſion, it may 


be done; and 1 have myſelf ſeveral times reco- 


vered the circular figure, when J had inadvertent- 


ly gone too far with the parabolic, and ultimately 


finiſhed the metal on the poliſher without the uſe 


15 of che bones. 


To try the true Figure of the Meral. 


It will now. be proper. to try the figure of the 
ſpeculum, and that is always beſt done by placing 
it in the teleſcope it is intended for. In order to 


this, I uſe the inſtrument as a kind of microſcope, 
placing the object, however, at ſuch a diſtance 


wt the rays oy: be Wy parallel, At about 
-  - twenty 
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twenty yards a watch-paper, or ſome ſuch object, 
on which there are ſome very fine hair ſtrokes of a 
graver, is: fixed up. The lead muſt be then taken 
off from the back of the ſpeculum, which is-beſt 
done by placing the edge of a knife at the june 
tion of the lead and metal, when, by ſtriking the 
back of it with a ſlight blow, the pitch immedi- 
ately ſeparates, and the handle drops off; the re- 
maining pitch may be ſcraped off with a knife, 
taking care that none of the duſt er by the 1 55 


liſhed hace of the mend, 


4 1181 
10 : 


Having placed the e fa the cell of the 
tube, and directed the inftrument to the object, 
make an annular kind of diaphragm with card- 
paper, ſo as to cover a circular portion of the' 
middle part of the metal between the hole and the 
circumference, equal in breadeh to about an 
eighth part of the diameter of the ſpeculum: 
this paper ring ſhould be fixed in the mouth of the 
teleſcope, and remain ſo during the whole experi- 
ment, for the part of the metal covered by it 
is ſuppoſed to be e perlect, and ITY unem- 
ployed. + „ i 


There muſt likewiſe be two other circular pieces 
of card-paper cut ovt, of ſuch ſizes, . that one may 
cover the center of the metal by completely filling 
the hole in the laſt deſcribed annular piece ; and 
the other, ſuch a round piece as ſhall exactly fit 
into the tube, and ſo broad, as that the inner 
edge may juſt touch the outward ' circumference. 


of the middle annular piece. It would be conye- 


nient to have theſe two laſt pieces ſo fixed to an 
% 
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axis, that they may be put in their places, or re- 
moved from thence ſo eaſily as not to diſplace or 
ſhake the inſtrument. All theſe pieces therefore, 


together, will completely ſhut up the mouth of the 


teleſcope. * 


Let the wad piece which covers the center of 
the metal, or that which has no hole in it, be re- 
moved; and by a nice adjuſtment of the fcrew, 
let the image (which is now formed by the center 
of the mirrour) be made as ſharp and diſtin& as 
poſſible. This being done, every thing elſe 
remaining at reſt, replace the central piece, and 
remove the outſide annular one, by which means 
the circumference only of the ſpeculum will be 
expoſed, and the image now formed will be from 
the rays reflected from the outſide of the metal. 
If there be no occaſion to move the ſcrew and 
little metal, and the two images formed by theſe 
two portions of the metal be perfectly ſharp and 


eqvally diſtinct, the ſpeculum is perſect, and of 
the true parabolic curve; or at leaſt the errors of 


the great and little ſpeculum, if chere be 2 + AER | 


_ Corrected by « each geber, 


1, on the contrary, under the laſt circumſtance, 
the image from the outſide of the metal ſhould 
not be diſtin, and it ſhould become neceſſary, 


in order to make it ſo, chat the little ſpeculum be 
brought nearer, it is plain that the metal is not 
yet brought to the parabolic figure; but if, on 

the other hand, in order to procure diſtinctneſs 


you be obliged to move the little ſpeculum far- 
ther off, then the figure of the great ſpeculum has 
| been 


ee - fi >, ot uh i 7 . | » 
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been carried beyond the parabolic, and hath aſ- 
ſumed an hyperbolic form. When the latter is 
the caſe, the circular figure of the metal muſt be 
recovered (after having fixed on the handle with 
the ſoft pitch) by bold croſs ſtrokes upon the 

poliſher, finiſhing it again in the manner above 
deſcribed. If the ſpeculum be not yet brought 
to the parabolic form, it muſt cautiouſly have a 
few more round ſtrokes upon the poliſher; indeed 
a very few of them in the manner before defcribed 
make in effect a greater difference in the ſpeculum 
than would be at firſt imagined. If a metal of a 
true ſpherical figure were to be tried in the above- 
mentioned manner in the teleſcope (which I have 


frequently done) the difference of the foci of the 


two .ſedgments of the metal would be fo confi- 
derable, as to require two or three turns of the 
ſcrew to adjuſt them ; ſo very great is the aberra- 
tion of a ſpherical figure of the ſpeculum, and ſo 
improper to procure that ſharpneſs and preciſion 
ſo neceſſary to a gad reflecting teleſcope. 


This is by no means the caſe with the object 
glaſſes of refractors; for beſides that they are in 
fact never fo diſtin& as well · finiſned reflectors, 
the apertures of them are ſo exceedingly ſmall, - 
compared to the latter, and the number of de- 


| grees employed ſo very ſmall, that the inconve- 


nience of a ſpherical figure is not ſo much per- 


, ceived. 8 we obſerve in the gene- 


rality of reflectors (whoſe ſpecula, unleſs by acci- 


dent, are always ſpherical) that the only true 


rays which form the diſtinct image ariſe from the 


middle of the metal: and unleſs the defect be 


remedied 
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remedied by a conſiderable aperture, which de- 
ſtroys much light, the falſe reflection from the 


inſide of the metal produces a greyiſh kind of ha- 
zineſs, which is never ſeen in Mr. Short' 55 or indeed 


in any good teleſcopes, 


Suppoſing that the two foci of the different 
parts of the metal perfectly coincide, and chat, 


by the union of them when the apertures are 


removed, the teleſcope ſhews the objects very 
ſharp and diſtin&, you are not however even then 
to conclude that the inſtrument is not capable of 
farther improvement; for you -will perceive a 
ſenſible difference in the ſharpneſs of the image, 
under. different poſitions of the great ſpeculum 


with reſpe& to the little one, by turning round 
the great metal in its cell, and oppoſing different 


parts of it to different parts of the little metal, 
correcting by this means the error of one by the 


other. This attempt ſhould be perſevered in for 
ſome time, turning round the great ſpeculum 
about one ſixteenth at a time, and carefully ob- 
ſerving the moſt diſtin& ſituation each time the 


eye piece is ſcrewed on : when, by trying and 
turning the great metal all round, the diſtincteſt 
poſition is diſcovered, the upper part of the me- 


tal ſhould be marked with a black ſtroke, in order 


that it may always be lodged in the cell in the 
ſame poſition. This is the method Mr. Short 
always uſed; and the caution is of ſo much con- 
ſequence, that he thought 1 it neceſſary to mention 
it very particularly in his printed directions for the 


_ uſe of the inftrument, 
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And farther, Mr. Short frequently corre&ed 


the errors of the great by the little metal /in-ano- | 


ther way, If the great ſpeculum did not anſwer 
quite well in the teleſcope, he cured that defect 
ſometimes by trying the effect of ſeveral metals 
ſucceſſively, by this means correcting the errors 
of one by the other ; for in ſeveral of his tele- 
ſcopes which have paſſed through' my hands, 
when the ſizes and powers have been the ſame, I 
have found that the great metals, though very 
diſtin& in their proper teleſcopes, yet have, when 
taken out and changed from one to the other, 
ſpoiled both teleſcopes, rendering them exceed- 
ingly indiſtinct, which could ariſe from no other 
circumſtance. 


To return: a little uſe in working will make 
the whole of the proceſs of- grinding and poliſh- 


ing very eaſy and certain; for though I have 


endeavoured to be as particular as I can (I am 


almoſt afraid too much ſo), it is yet ſcarcely poſ- 


ſible: to ſupply a want of dexterity, ariſing from 


habit only, by the moſt laboured and minute de- 


ſcription. And though the above account may 
appear irkſome to the reader, as it lies cold before 
the eye, I am very ſure, whoever attempts to make 
the inſtrument, will, not complain of it as tedi- 


ouſly particular. 


I will, however, farther remark, that when the 


metal begins to move ſtifly upon the poliſher, 


and particularly when the figure is almoſt brought 


to the patabolic form, it will be neceſſary to fix 


the elbows againſt the ſides, in order to give mo- 
mentum 


8 


- — wt * 5 - Ix 
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mentum and equability to the motion of the. 
| hand by that of the whole body... | 


The ane bee will ſerve for ſeveral metals, 
if it be ſomewhat warmed when * ey, » to 


| uſe it. 


There i is ther 8 and à material 


one too, which muſt not be omitted; it is this: 


for the very ſame reaſon that the pitch ſhould not 
be too hard or ſoft, the work will not proceed 
well in the heat of ſummer, or, cold of winter: 
in the latter, it may be poſſible to remedy the 
defect by having the room warmed with a ſtove; 
and in the ſummer, the other inconvenience may 
perhaps be avoided by uſing a harder kind of 
pitch; but I much doubt in either. caſe whether 


the work will go on fo kindly; I have myſelf 
always wrought i in ſpring and autumn. 


The proceſs of -oliſhing, 'and indecd Sinne 


upon the hones, will not go on ſo well if it be 


not continued uninterruptedly from beginning to 
end; for if the work of either kind be left but for 


a quarter of an hour, and you then return to it 


again, it will be ſome time before the tool and 


metal can get into a kindly way of working; 
be till they do 55 are hurting what was done 
ore. 


I cannot . Aden i delging myſelf i in 
an obſervation on the amazing ſagacity of Sir Iſaac 


| Newton in every fubje& upon which he thought 
fit to employ his attention. It was he who firſt 


propoſed, 


a je os r << _RtLS -. ul l 


„ „ 


Ust rb win kek 


propoſed, and indeed practiſed the liſhing with 
5 a ſubſtance which;' at firſt Tight; perhaps 


every qne, but himſelf would have Bn yery 


improper, from its ſoftneſs, to produce that cor- 
rectneſs of figure ſo. neceſſary upon theſe occaſions; 
yet, he poliſhed ſeveral abject glaſſes for refract- 
in OTE, and mended .many more with it; 
1 do believe, that it is the only ſubſtance 
in 1 * that is perfectly well calcylated for the 
purpoſe; for, at the ſame time, that. it is ſoft 
enough to ſuffet the putty to lodge very freely on 
its furface, and for that reaſon to give à moſt 
tender and delicate polim; it is likewiſe totally 
inelaftic, and therefore, never from chat Principle; 
ſuffers any, alteration in the figure you give it. _ 
the firſt makers of the, inſtrument, therefore, had 
given proper credit to, or had ſimply followed the 
hint Ly Iſaac” gave, it would have ſaved them 
infigite trouble, and they would have produced 
much better inſtruments; but the pretended re- 
focment, of drawing, a tincture from pitch, with 
ſpirits of wine, affords you only the: reſinous, hard, 
an untractable part of the pitch, deveſted of all 


that part of its original. ſubſtance which is neceſſa- 


ry to give it that eee ware in 


which its excellence conſiſts. 


It is needleſs to ſwell this account with a detail 
of the proceſs for poliſhing the little ſpeculum, as 


it muſt be conducted in the ſame manner which 


has been already deſcribet in chat of the large one; 


only obſerving, that as the little metal · has an un- 


interrupted face, without a hole, fo there is no oc- 
caſton for one in the poliſher; and likewiſe that, 


as 4 fpherical figure is all that need here be prae- 
Ee ; tically 


5 
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tically attempted, ſo the difficulty in finiſhing is 
infinitely ſhort of that of the other. 


As it is always neceffury. to ſolder to the back of 
the little ſpeculum a piece of braſs, as a fixture for 
the ſcrew to adjuſt its axis, I ſhall juſt hint a ſafe 
arid neat method of doing it, which may be very 
uſeful to the optical or mathematical inſtrument- 
maker upon other occaſions. Having cleaned 
the parts to be ſoldered very well, cut out a piece 
of tinfoil the exact ſize of them; then dip a feather 


into a pretty ſtrong ſolution of ſal ammoniac in 


water, and rub it over the ſurfaces to be ſoldered ; 
after which, place the tinfoil between them as faſt 


as you can (for the air will quickly corrode their 


ſurfaces, ſo as to prevent the ſolder taking) and 
give the whole a gradual and ſufficient heat to 
melt the tin. If the joints to be ſoldered have 
been made very flat, they will not be thicker than 


4 hair: though the ſurfaces be ever ſo extenſive, 
the ſoldering may be conducted in the ſame man- 


ner, only that care muſt be taken, by gentle preſ- 
ſure, to keep them cloſe together. In this man- 
ner, for inſtarice, à filyer graduated plate may be 
ſoldered on to the braſs limb of a quadrant, fo as 
not to be diſcernable by any thing but the dif- 
ferent colours of the metals, 


A Deſcription of the Grinding 7 * and the * 


paratus for e t true Figure of the 


Speculum. 


The ginger for vorking off the face of the 
metal, 
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metal. The black ſtrokes repreſent rn] gropves 
made with a ons,” 5 1 * 


- - * od - 2C 
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The bod of FRIES which ü is to ee Fig. 4. 


ſpherical figure of the n and to rede 
ſurface fie forthe poliſher," | aut 2% ee 281 
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An apparatus for examining the Ee fur 7. 


KAY 
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A Fa Ns mouth ofe the releſepe e or edge of che 
great dude. 7 45 Jos 41 


. 


BB, a thin piece of ood. faſtened. into, and 


fluſh with the end of the tube; to which is per- 
manently fixed, the annular piece of paſteboard 


CC intended to cover, and to preyent the 155 of © 


the, correſponding Part of che ſpeculum. 1601 | 


pop another Piece « of erben fixed 1 71 2 pig 


to the piece of woqd BB, on wh ch it turns on a 


center; ſo that the great annular opening H H, 
may be fhut up by the ring E. rale © aperture 
G'G, by the imperforare E. ih fuck manner, 


f * 5 11 
in the firſt inſtance; the feflectioh wd, f "From 


center, ang. in the latter , from the e nfer erence 


| pe „ 8342 5 
of whe | grea if 14 ulum, 8. Loo 10 Dar: 45 15 i 
| es Dune 41 7 Fate go 
1 11 en SHmob Donat 11405 non 


To grind 4 | pot ſb ' Contave "Lenſes; We Fer. 

mW „nn „ D100; Glafſer res D Het 

% A W of a e H ue 253000093 6 
Place an arbor or mandrill in a tutner!s' Jathe, 

whereqn you can ix leaden wheels of what di- 

* | 185 mention 
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mention you pleaſe, ſuppoſe one; two, or three 


inches diameter, and three-eighths,. gr half an 
inch thick (which are common ſizes for making 


_ . the abdve-mentiazed; inftryments), yow then pre- 


pare the glaſs by, chipping it round: with x pair of 
large ſciſſars, or ſmall ſbeafs, to the fize you want 
it, and either cement it to the end of a little ſhort 
block of w te for that purpoſe; or Hold it 
looſe in 2 fingers upon the edge öf the whe, 
it having emery and 8 conſtantly applied: to it 
alb the dne you art grinding. In holding the 
glaſs, you muſt preſs moderately upon''it; ati 
keep turning it backyard and forward all the time, 
{6 that i it may have a true figure. When you rave 

nd 1 it deep enough,” and you Cal obſerve nd 


efect in its Tpherieat' figute,” you muſt a ply 4 


more ethery; but till Keep workibg it upbn the 
tool with Te Me bed, it woult tft 
much better another wheel of the 
Wlirtcker,” 1 ic LR might "apply. 2. ſed 
15 düse, 1 20 7 "Tv to, take * out the 
kes, or, 1 1 55 made by the emery, When 
u i. by 4 4 4 ſtate for po: 
ing, which 7 may e through 
ms nifying no 899 if no ſcratches, nor, holes 
1 it 15 then ready for poliſhing wheel, 


which is made of wood, the exact ſize of the wheel 


on which it was ground, and a piece of clean 
linen cloth faſtened double round its edge; then 
apply pucti, mbiſtened-with water, and work: itn 
the ſame inanner as: when you ground i It; and, in 
a few minutes, you will perceive it to have an ex- 
een , 1 n 18 FO 10013 1 938! q 
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preſented at A, and at the börttemt of hachy;: a Fig 1. 
pulley is fixed, which mut bæ ttnod by Auhecl Bü Piri 


by means of the cord D, and handle E. At the 
top of the fpindle, make a ferew,' the Time bs a 
lathe fpindle, heren yo may ſerew chocks of 
different ſorts, which mey * 1 1 ry: WW 
ing mtner "WE 


* * 
4 11 3 1 i 
o 


Make 4 hole in 4 piece * ng juſt to fic 
tight upon the collar of the ſpindle, and turn it 


to, one inch long, and one inch larger in diameter 


chan the hole; then place it on the collar at the 
chock end of the ſcrew, and lap a piece of paſte- 
board round the wood, ſo that i it may 1 9 

inch above the top of the ſcrew, then pour melted 
lead pon it till the 7 is ful, and when 


| cold, yay may unſcrew i it, and fix it. 1 in a lathe 3 


ſcrew 4 chock on again, and turn it true on the 
end; take it off, and ſolder a piece of thick 
braſs upon it, with ſoff, ſolder, afterwards turn the 

braſs to the concayity vou intend it, as true 4 
poſſible with the turning tool, and then apply it 
upon the edge of a wheel of the ſame radius of a 
ſphere as the gage you turned it by and, by 
grinding it a little in che ſame manner as v 
eee it will be ready for ule, 


T hen 
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Then prepare the glaſs, by chipping it to the ſize 
you want it, and cement it on the end of a block 
of wood of the ſame diameter, and one, two, or 
three inches long, ſo as to hold it eaſily between 
your two fingers and thumb; then make a con- 
cave gage of thin braſs, the ſame radius of a ſphere 
as the pan, and grind the edges of the glaſs upon 

| 4 & rough grinding-ftone, till it fits the gage Z chen 

255617 it is ready for its en N | 


. The next Glen neceſſary | is to prepare the eme- 
Ty, which is done in the following manner: there 
muſt be proyided, at leaſt, fix earthen veſſels, that 
will hold two or three quarts each (take care they 
are quite clean when uſed), fill the firſt with 
water, and put one pound of fine emery in it, . and 
ſtir it wel! about with a ſtick, after which, let it 
ſtand about three ſeconds of time, and than 
It into another veſſel, which, let ſtand ten Rod 
then pour it off again into the ſeveral veſſels until 
the water is quite clear ; and, by this means, you 
will obtain emery of as many degrees of fineneſs 
as you pleaſe ; which muſt be kept ſeparate from 
one another, and work them in their proper order, 
beginning at the firſt, and working off alt the 
marks of 'the grinding-ſtone; then take of tho 
ſecond and third, &c. holding the glaſs upon the 
pan with a light hand, when it comes to be neatly, 
fit for' poliching; ; 4 little i do will make the 
3 quite p perfect. | 


"TI he Sollftthg 18 . as follows: ah = 
the glaſs is brought, by grinding with emery, to a 
{ſve ſurface, * ſome 9 by rubbing 

it 
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it with a little water upon a ſtone, and what rubs 
off muſt be uſed in the pan (this is called bot- 
toming), work it off with this, till it is almoſt po- 
liſhed, - which will eaſily be perceived; then tie a 
piece of linen rag about the pan, and, with putty, 
moiſtened with water, continue the grinding mo- 
tion, and in a little time there will be an excellent 
poliſh. 


From hin has been ſaid on grinding ſneculams 
for reflectors, will be as eaſily adapted to the grind- 
ing of object glaſſes for refractors; for what is called 
the bruiſer there, will, in this caſe, be called a pan, 
and the convex tool will become the bruiſer. 


CLOCK-MAKING. 
Of the Cow! of Art, or Names by which the Parts of 
an Automaton are called. 


IT is neceſſary that I ſhould ſhew 81 meaning 
of the terms which clock- makers uſe, that gen- . 
tlemen, and others, unſkilful in the art, may know 
how to expreſs themſelyes properly, in ſpeaking ; 
and alſo underſtand what I ſhall ak in the r 
ing treatiſe : 925 ee be 0 9 


I begin with the more i terms: as, the 
frame which is that which contains the wheels, 
and the reſt of the Work. The pillars and plates, 


are what it chiefly conſiſts of. 
nl Next 
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Next for the main-fprir ng, and its appurtenances, 
That which the ſpting hes in, is the fpring-box : 
that which the ſpring laps about, in the middle of 


che ſpring- box, is the ſpring - arbor; to whieh the 


ſpring is hooked at one end. At the top of the 
ſpring-arbor, is the endleſs- ſcrew, and its wheel : 


but in fpring-docks,'itis a ratcher-wheel, with 1 its 


click, that ſtops it. 


That which the adm. prag aneh, and about 
which-the chain or ſtring is wrapped, and which 
is comtnomly taper, is the fufy. In larger work, 
going with weights, Where it is cylindrical, it is 
called the barrẽl: the fall. teeth at · che bottom of 
the fuſy, or barrel, that ſtop it in winding up, is 


the ratchet. That which ſtops it when wound up, 


and is for that end driven up by the e is the 

0 8 
The arts afs a acl 6 are; * a or rim: the 

teeth: the: croſs. : and the eollet, or piece of hraſs, 


ſoldered on the arbot, or ſpindle, 5 which the 
wheel is riveted. 


A injon38 that little wheel, which plays, in 1 
teeth of the Wheel: its teeth (which, are com! moti- 
4» g. 6, 74.8, Sec.) are called leaves, not teeth... 


The ends of the ſpindle, are called pirots: 5 


31} 


holes in which they run pivot-holes. 


"Phegutteret wheel, -with iron Wilees 4 che bot- 
tom, in Which che line of ordinary hrt y hour 


beute eleeks doch run, is called the polley. 


wa 5 | | 104 
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h mon to all parts of r movement. 
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1 need not ſpeak of the dir plate, che hands, 


ſcrews, wedges, ſtops, &c. Sg 
{3-7 1 


Thus much for general names, 8 come 


The moſt uſual movements are niches ad 
clocks. - Watches, ſtrictly taken, are all ſuch 
movements as ſhew the parts of time: and clocks 


 } 


are ſuch as publiſh it, by ſtriking on u bell, Ke. 


ptia · 


But commonly the name of watches is appro 
ted to ſuch as are carried in the pocket; and that 


of clock to the larger movements, whether they 


ſtrike the hour or no. As for watches cee 
che hour, they are called pocket-clocks. | 


«3 


The parts of 4 movement, which 1 ſhall aa 
der are the watch and clock parts Po | 


The watch part of a movement, is * which 
ſerveth to the meaſuring the hours.” In which, the 
firſt thing I Mall conſider, is the balance: whoſe - 
parts are, the rim, which is the circular part of it; 

the verge, is its ſpindle, to which belong the two 


pallets, or leaves, which play in the teeth of the 
crown- Heel: in pecker-watches, chat ſtrong ſtud, 


in which the lower pivot of the verge plays, and 
in the middle of -which, one pivot of the balance - 


wheel plays, is called the pottance. The bottom 
of this is called the foot; the middle part (in which 


the pivot of the balance- wheel turns), is called the . 
nofe; che upper part,. the ſhoulder of the pottance. * 
The piece which covers the balance, and in Which 


the upper pivot of the balance plays, 1s the cock. 
Ff gat. 


The 
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The ſmall ſpring, in pocket- watches, under 


— 


neath the balance, is the en or * 4 


er 1 25 


Fhey parts 1 a 1 wh are ee N Dellen 5 
and cocks, as before. The ball in long pendu- 
lums, the bob in ſhort ones, is the weight at the | 
bottom: the rod, or wire, is plain. The term pe- 
culiar to the ropal-ſwing,/ are the pads, which are 
the pallets in and are fixed on the arbor: 
the fork i allo Rodeo the arhar; and about fix 
inches below, catcheth hold on the rod, at a flat 
piece of braſs, called the t in which, the lower 


rie the ſpring is Salteved.. ee 


the ſecond-wheel, third-wheel, We. 0 2103 


— 


The names of the CE next follow: : "ke 
erown- wheel in ſmall pieces, and the ſwing- wheel 
in royal pendulums, is that wheel which drives the 
ehen or pendulum. 

The 8 is the mn in | pocker- 
. and others, which is next to the crown- 
wheel, whoſe teeth and hoop lie contrary w . | 
of other wheels ; *kencoIt hathüt name. . I 


The 3 or ful „heel, „is that which 
the fuſy, &c. immediately driveth. News its are 


- 


Next followeth the work between the 1 i jog | 
dial-plate : and firſt, is the pinion of report; which 
is that pinion, which is commonly fixed on the 
dar of * great wheel, and, in old watches, uſed 
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_— Pong SPOT which driveth 
the Oy and this A" en xa] _ 
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* past t Which I mal ſpeak of is the dock 
which is that part which ſerveth to ſtrike the hours: 
in which, I ſhall firſt ſpeak of the great, or firſt- 
wheel; which is that which the weight or ſpring 
firſt drives. In thirty-hour clocks, this is cotn- 
monly the pin-wheel ; in eight-day pieces; the ſe- 
cond-wheel 1s commonly the pin-wheel : this 
wheel, thus with pins, is called the ſtriking· heel, 


or pin-wheel, 


| Next to this krking wheel followeth the detent- 


wheel, or hoop-wheel, it having a hoop almoſt 


round it, in * is a VACANCY, at which the 
clock locks. | 


> — 8 100 Ws ; "7 he 112 fo 
The next is the third, or fourth-wheel can 


ing as it is diſtant, from the firſt-wheel), called alſo 
the e He lein Ane He 1 10 


» 0314 216 415 


And laſtly, i is the flying-pinion, with a N 


fan, to gather air, and ſo dridle che 1 fre us 
| dock's motten. 1 3 | 


Beſides theſe, hai are — inion 58 report, of 


wahich before, which driveth round the locking- . 


wheel, called alſo the count-wheel, with eleven 
notches in it commonly, unequally diſtant from 
one another, to make the en firike the hours 23 
, N e 3.4 1 


Ff | Thus 


AN. INTRODUCTION: Fo. 
Thus euch fe far the wheels of the wa part 


The een are 1 ſtaps, ph rr by — 
lifted UP). or let fall down, do Tock Le unlock oy 
cork. in e | Kiln *% Rr 


The nenesem ſtrike hs belt: hed dh 
ate what the a e Nr back Wn Hans: 
2 men. by. SY 


y 


15 eee lift up, and bade the work. | 


Carches are what hold by hooking, or eweding 
hold 15 


"The ae pieces do lift up, and unlock. the 
detents, i in the clock ee 


8 an is the number es 
which the watch maketh i in an 8 or any other 
certain time. | | 


There we, 'bekides theſe, divers hwy terms 
which clock-makers uſe in various ſorts of pieces, 
as the ſnail, or ſtep · wheel, in repeating-clocks, the 
rack, the ſafegards, the ſeveral levers, lifters, and 
detents: but it would be tedious, and i it is neee | 
to mention the parciculare. | | 


> 


For the better ee theſe terms al art, 
and the parts of a clock, I have N 


| part. 
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them to the eye: in which, two-diſtin& parts may | 
be obſerved, the watch, and the clock part. 


T he wheels, &c. on the right hand, i is the watch fig b. | 
part: they on the left, the clock part. 


D. P. Wee, clock 


E. E. The gren-wheel of each part 


F. F. The ſuſy of each part, about which, the 
chain,' or r firing is bn. 


g. f rn 105 


2. The hoop, or rim of the head. whe 4 
d. The third-wheel. | 
x. The pallet-wheel, 
; Fr The pin-wheel, wich aiking-pin NP 
m. The hoop-wheel, wo 
5 * warning: whecl, or neee | 
"+ 7 gs © 
P. The lfting· piece. | wy, 


2, The 
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2. The fan, and Ky ara r Sin n 
R. The Bell. | foe per 4 15 

s. 'The hamapet, #47224, 20: oj 2s + 
T. The hammer-tail, 4 | u 7 1 
y. The hacnmer-ſpring, | 
<= V. The chain, or ſtring of the waich an 


1427 GE £ 4 
TL 1 ah * 4 Ls 2 P & . 


The 3 conſiſts of 1. Thi — via The 
fork. 3. The flatt. 4. The great-ball. fg. The 
corrector, or regulator; being a contrivance of 


very great uſe to bring the pendulum to its niceſt vi- 


brations, and is fixed on the N at * of 


ee 5. 


* 


To find the 7 of e Pendulum that ſhall make any 


given Number of Vibrations, in a e and 7 
verſa. | Ls 


A pendulum whoſe 1 is 39.2 ichs from 


the point of ſuſpenſion to the center of oſcillation, | 


makes 60 vibrations in a minute; and this is call- 
ed. the ſtandard length. Then, for any other 
number of vibrations in a minute, ſay, as the 
ſquare of the given number of vibrations is to the 
| ſquareof 60, ſo is the length of the ſtandard to the 
an ſought. Thus, ſuppoſe the given number 
of vibrations to be 30 per minute: the ſquare of 
301 18 900, and the * of 60 is 3600 then, as 


— 7 
A a ax 


— > cg © 
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eu ſo is' 39.2 to 166. 83 ſo chat the 
2 gth required for 30 vibrations per minute is 


ee 


If the, e che pendulf be given) _ the, 
number of vibrations it makes in a minute be re- 
quired ; ſay, as the given length is. ta the ſtandard 
length (39-2 inches) ſo is the ſquare of 60 vibra- 
tions to the ſquare of the number required: the 
ſquare root of which ſhall be the number of vibra- 


223 | 


tions made by the pendulum 1 in a minute. Ins ks 


ſuppoſe the given length to be 156,8 inches: 
156.8 is to 39.2, fo is 3600 (che ſquare of, 60) =] 
goo ; the ſquare root of which is 30, the number 


of vibrations that this pendulum will make in a; bf 


minute. 8.30 


The length of a pendulum that would make 


only one vibration in a minute is 3920 yards, or 
141120 inches: and the length of a pendulum 


that would make 240 ene mine en 4 
eee Re 2 12 
In theſe en it is end, that the 
weight of the pendulum-rod bears little or no ſen- 
ſible proportion to the weight of the ball. But as 


this cannot be the caſe in practice, the center of 
oſciltation will always be further from the point f 


ſuſpenſion than the calculation makes ic; und this 


| muſt be found-by trial. 0; +3 0 bar Gy 5d Jin . 


— * * ” - of * . 1. 
Often none e un 


| VAT 49933044) 25 163 53 1) 300 13} *,5045%4 
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. * + 27 


To divide the 8 of a Gcli into amy giver : 


nn mn 


As there are very uncommon and odd ovinbin 
of teeth in ſome of the wheels of aſtronomical 
clocks, and which conſequently could not be cur 
by any common engine u by. clock-makers for 
cutting the numbers of teeth in their clock-wheels, 
1 thought proper to ſhew how to divide the cir- 


cumference of a circle into any given odd or even 
| number of equal parts, ſo as that number may be 


laid down upon the 3 plate of 2 n 
engine. 


There is no odd * * from which, if a 


certain number be fubtracted, there will remain 


an even number, eaſy to be ſubdivided: thus, ſup- 


oy poſing the given number of equal diviſions of 2 
circle on the dividing plate to be 691 * 95 


and mers mT remain 60. 


Bier Ae 89 contain cs 


therefore ſay, as the given number of parts in the 
cirole, which is 69, is to 360 degrees, 10 is q parts 
to the correſponding arc of the circle that will 
contain them: which arc; by the rule of threc, 
will be found to be 468 Therefore, by the 
line of chords on a common ſcale, or rather on a 


ſector, ſet off 46 (or 46%) degrees with your 


compaſſes, in the e of the circle, and 


divide 


* 


div 
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divide that arc or portion of the circle into 3 | 


parts, and the reſt of the cirtle into 603 and the 


whole will be divided 1 into 69 _ pod 4 __ | 


required. 8 A 211 


TH: 30 


Again, foals, it were prayer yy to hide the 


1 
— : 
; - * 
ir 
. * 


circumference of a circle into 83 equal parts; ſub- — 


tract 3, and 80 will remain. Then, as 83 parts 


are to 360 degrees, ſo (by the rule of proportion) 
are 3 parts to 13 degrees and one hundredth part 
of a degree; which ſmall fraction may be neglect- 
ed. Therefore, by the line of chords, and com- 
paſſes, ſet off 13 degrees i in the periphery of the 
circle, and divide that portion or arc into 3 equal 
parts, and the reſt of the circle into 80; and the 
aan will be done. 


Once more, frames it were er to dvide a 


given circle into 365 equal parts: ſubtract , and 


360 will remain. Then, as 365 parts are to 360 


degrees, ſo are 5; parts to 4 degrees. There- | 


fore, ſet off 4 (or 4%), degrees in the circle; 
divide that ſpace into 5 equal parts, and the reſt 
of the circle into 360; and the whole will be di- 


vided into 365 equal . as was s required. 


0 0 often found his rule or Pale rs very 
uſeful i in dividing circles into an, odd number of x 
equal parts, or wheels into odd numbers of equal 
ſized teeth with equal ſpaces between them: and 


now I find it juſt as eaſy to divide any giver cirele 


into any odd number of equal parts, as to divide 
it into ar even number. And, for this purpoſe, 
I prefer the line of chords on a ſector to that on a* 


, plain 


* 
f 
Pd 
4 1 
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plain ſeatey: beeauſe the ſrctor may dere pense ſo, 


as to make the radius of che line of chondupon 
it equal to the radius of che given circle; unleſs 
the radius of the circle exceeds the whole length 


of the ſector when it is opened ſo as to reſemble a 


neee e and this ape mes roma 
| bfr | 3 


Any perſon whois 1 to Hence the 1 


and the ſeale or ſector, may very eafily, by a lit- 
tle practice, take off degrees, and fractional parts 


of 4 degree, by the accuracy of his eye, from a 
line of chords, near enough che truth for the | 
eee PR: 


— 


Suppoſing the Difance between the Centers of two 


<obeels, one of which is to turn the other, be given; 


that the Number of Teeth. in one of theſe W heels is 


different from the Number of Teeth in the other ,,and 


it is required to make the Diameters of theſe Wheels 
in ſuch Proportion to one another as their Numbers 
of Teeth are, ſo that the Teeth in both Wheels may 


be of equal Size, aud the Spaces between them equal, 
that aitber of them may turn ibe other eafily and 
freely: it is required to find * Diameter. 


ere it is plain, that the Abe between the 
centers of the wheels is equal to the ſum of both 
|  theirradiiin the working parts of the teeth. There- - 
fore, as the number of teeth in both wheels, taken 


together, 1s to the diſtance between their centers; 
taken in any kind of meaſure, as feet, inches, or 


Parts of an inch; ſo is the number of teeth in ei- 
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ther of the wheels to the radius or-femidiameter of 


that wheel, taken in the like meaſure, from its cen- 
ter a of any one of. ita dect. 


Thus, ſuppoſe the two wheels muſt be of ch 
ſizes, as to have their diſtance between their cen- 
ters 5 inches; that one wheel is to have 75 teeth, 
and the other to have 33, and that the ſizes of the 

teeth in both the e is equal, ſo that either 1 
them may turn the other. The ſum of the teeth 
in both wheels. is 198; therefore ſay, as 198 teeth 
is to 5 inches, ſo is 75 teeth to 3:85 inches; and 
as 108 is to 5, ſo is 33 to 11%. So that, from the 
center.of the wheel of 7.5 teeth to the working part 
of any tooth in it, is 3 inches and 47 hundred parts 
of an inch; and, from the center of the wheel of 
33 teeth to the working part of either of its teeth, 

is 1 inch and 53 hundred parts of an inch. 


General preliminary Rules an Dir#ftions for Cat- 

For the more a0 undeiftdading this, it REY 
be. obſerved, that thoſe automata (whoſe calcula- 
tion J chiefly intend) do by little interſtices, 
or ſtrokes, meaſure out long portions of time. 
Thus the ſtrokes of the balance of a watch, do 
meaſure out minutes, hours, days, &c. SES 


Now to ſcatter thoſe ſtrokes amongſt wheels Pat 
pinions, and to proportionate them, fo as to-mea- 
ſure time regularly, i is the defign' 'of calculation. | 


Ant in the fielt Easce, you are to know, that 
"wy wheel being W by it's pinions, mews 
63 2 | how 


— 4 


* 


* - n » 
28 
% he 4 


85 dial-wheel. 
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| how many turns that pinion hath to one turn of 
that wheel. Thus a wheel of 6o teeth driving a 
pinion of 6, will turn round the pinion 10 times 


in going round once. 60600 W 
From the fuſy to the balance the wheels ache 


the pinions ; ; and conſequently the pinions run 
1 or go more turns, than the wheels they run 


But it is contrary, from the great wheel to 


Thus, in the laſt exam ple, the 
wheel drives round the pinion 10 times: oth if 


the pinion drove the wheel, it muſt turn 10 times 
to drive the wheel round once. . 


| Before I proceed further, I muſt ſhew bot to 


write down. the wheels and pinions; which may 
be done either as vulgar fractions, or in the way of 
diviſion in vulgar arithmetic. 


A wheel of 60 moving a pinion of 5 may be ſer 
down thus, : or thus 5) 60: where the uppermoſt 


figure 60, or numerator is the wheel, the lower- 


moſt or denominator, is the Pinion: or, in the lat- 


5 ter example, the firſt figure | is the pinion, * next 
| without the hook, is the wheel. 


| x he number of turns, which the pinion hath i in 
one turn of the wheel, is ſet without a hook on 


the right hand: as 5600123 i. e. a pinion 5 


playing in wheel of = moveth round 12 times in 


one turn of the wheel,” x 0 


De A whole. movement may be noted 
5)55(11 1 thus, * 7. Y ſeventeen notches 
5)45(9 in the crown- wheel. Or rather be- 
5)40(8. cauſe it will be eaſteſt to mean ca- 

We pacities, as you ſee here in the ar- 


A 
* Eos ein; 


For example. 


. 
* 


* 
4 
OY - w 
* , — 
0 
« 
. 


W 
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gin: where the uppermoſt number above the line 


is the pinion of report 4, the dial- wheel 36, andeg 
turns of the pin of report- The ſecond number 
(under the line) is 5; the pinion, 5s the great- 


wheel, and 11 turns of the pinion it driveth. The 


fourth the contrate-wheel, &c. And the ſingle 
number 17 under 5 is Lathe number * pr N 
. 57 $6 K e 


pinion 5 Works in ne turn of the wheel It worketh 
in, you may TAI find out how many turns a wheel 
or pinion hath, at a greater diſtance; as the con- 
trate-Wheel, crown- wheel, or, &c. For it ĩs hut 
meat together the quotients (by the quo- 
tients, commonly kl the number of turns ; 
which number i is ſet on the right hand, without the 
hook, as is ſhewn in the laſt example), and the 
pumber. produced is the number of turns. An 
example will make hat I. ſay plain: 


Jet us chuſe theſe three numbers here 5) «1 11 


ſet down; the firſti of which hath 54509 
11 turns, the next grand the laſt g. If Seed 
you multiply 11 and 9, it produceth 99 

for 9 times 11 is 99, that js in one turn of the 
wheel 55, there are 99 turns of the ſecond pinion 
5, or the wheel 40, which runs concentrical, or on 
the ſame arbor with the ſecond pinion's, For as 


there are 11; turns of the firſt pinion 5, in one turn 


of che great-vheel 55, or (which is the ſame) 


third numbers, are the ſecond;heel, & 'Ehe . | 


e 


of the ſecond wheel 4 which is on the ſume 


ſpindle with that pinion 5; fo there are g. times 


jr turns in the ſecond pinion 57 or wheel 40 in 
i | one 


* F — 
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one turn of the great-wheel 55. If you multiply 


99 by the laft quotient 8 (that is, 8 times 99 is 
792) it ſhews the number of turns, Which the 


_ third and laſt pinion 5 hath. So thar this third 


and laſt pinion turns 792 times in one turn of the 


firſt wheel 55. Another example will make it ſtil] 


more plain. The example is in the 


8)80(10 margin. The turns are to, 9, and g. 


6)54)9g Theſe mulplied as before, run thus, 


' 5)4o(8 viz. 10 time 9 is 90, that is, the 


— — _ Pinion 6 (which is the pinion of the 
15 third wheel 40, and runs in che ſe- 
cond wheel 54) turns go times in one 


turn of the firſt wheel 55. This laſt product go 
being multiplied by 8, produces 720; that 1s, the 


pinion 5 (which is the pin of the crown-wheel 
15) turns 720 times in one turn of the firſt wheel, 
of $0 teeth. 


| gend ieee fa made Pacer Watc me 


ane i 
Teerh Leaves 


The great wheel - 48 - 12 


_ Centre wheel - 54 6 

Third wheel 48 - 2 

Contrate wheel - 48 2 
Balance wheel - 15 - $ pallers, 


Thus when the watch 1s 3 the chain 
from the ſpring [exerts a force upon the fuſee, 
7 IO? motion to all the an 


* - . 
* y 4d LE oY 
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The gieat wheel on the fuſee having 48 teeth,” | 
and driving the center wheel by a pinion of 12 
leaves, make the center wheel turn round 4 times 
in one turn of the fuſee. Thus alſo ve may ac- 
count for all others: for, 


If 12) 48 {a pac, one? yt Oe I 

So 6) 54 (9, = Turns of the third wheel, 

6) 48 (8 = Turns of the contrate wheel, 
6) 48 (8 = Turns of. che balince bin. 


Then multiply theſe ſeveral quotianis 8 | 
ſucceſſively, and you will find the turns of each of 


thoſe wheels en. in one turn of * 
fuſer. 


Thus 1 turn of the OY great 
mul. x = to 4 turns of the center wheel; 9 mul. 
4, mul. x = to 36 turns of the third wheel; 8 


mul, 9, mul. 4 mul. 1 = to 288 turns of the con- 


wheel; 4 


7 
% 


trat wheel; 8 mul. 8 mul. nen | 


2304 turns of the balance wheel. 


And the balance wheel having I ; teeth, and 


each ſtriking 'a pallet twice in one revolution, 
there will be thirty ſtrokes: upon the axis of the 


balance, which are called the beats of the ba- 
lance ; conſequently there muſt be 2304 mul. 30 
= to 69120 ſtrokes nnen of den 


lee or great wheel. 


But though theſe particulars are neceſſary to be 


premiſed, our principal regard, in the Aiviſion of 
time, is to be * to the center wheel. For this 


wheeT. * 
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wheel alone is that upon which: both the hour and 
minute hand is movei or carried round upon the 
face of the watch to ſhew the hour of S 
ver e Cg el 9577 tft 
45 tte NET. 
If we would and out the mids of beats of 
the balance in the time of thoſe turns above. men. 
tioned; it muſt be noted, that as the watch 
thirty hours; and the minute hand, and conſe- 
quently the center wheel goes round once in an 
hour, the ſaid center, wheel will have thirty turns in 
the time of the watch's going round; and becauſe 
it Rath four turns in one of the fuſee, therefore we 
. muſt ſay 40 300 = 74 ="the number of turns of 
the fuſee, in winding up the watch. Whence we 
find 69120 mul. 7, 5 = 518400 = the number of 
beats in 30 Hours. Then if we divide 518400 by 
j"the' quotient will be 17280 = number of beats 
384 an hour, which is called the train of à watch; 
which train is called ſwifter or flower; as the num- 
ber of beats in an hour is more or leſs: ſo again, 
if we divide this train 17280 by 3600, the ſeconds 
in an hour, the quotient will be almoſt 550 or almoſt 
5 beats Pe: ſecond't in fuch” a watch. 


(* 


| By this y it is et to Shi an ide of the 
manner of calculation for the numbers of the teeth 
and leaves for the ſeveral wheels and pinions in a 
watch; which may further be illuſtrated, by an ex- 
ample of a train 14400, which will beat quarter ſe- 
conds, becauſe ſuch a train is uſeful in many phi- 
8 loſophicat Calls, AS well; as In N e We of 
3 time. Wo a | ; 
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Su ppole che intended watch is to go 34 hours: 
then it will be found that T4400 multiplied by > 
32 = 460800 == the beats of the balance in 32 
hours. And if the number of turns in the fuſee 
be 8, then 8)4z60800 (= 57600 = the beats in 
one turn of the fuſee. | 


- a ſuppoſe the number of teech in 2 — ba- 
lance wheel, be x5, there will be 30 beats in one 
turn of this wheel; then 30) 57600 (= 1920, 
| which will be the number ariſing from the conti- 
nued multiplication of all the quotients of the 
wheels, divided by the pinions they drive from 
the great wheel, to the balance wheel, as has been 
already exemplified, | 


Our next care is to break this number into four 
convenient ſmall numbers, which multiplied to® 
gether, ſhall make the ſame number 1920. Then 
1 ſay 4) 19200480. Again, I ſay 6)490(= 80. 
And as I plainly ſee that 80 = 8 multiplied by 10, 
conſequently the four numbers ſought for, are 4, 

6, 8, and ro: becauſe multiply theſe numbers to- 
gether, and they will make exaQly 1920, thus 
4 mul. 6 mul. 8 mul. 10 = 1920. 


The quotients thus inveſtigated, we may ealily 
find what large numbers, divided by ſmall ones, 
Ii produce the ſaid quotients; thus 12)48(=4. 

Confequently, if we allow 48 teeth to the great 
wheel on the fuſee, it muſt drive a pinion of 12 
on the center wheel. So aga again, if for the quo- 
tient 6, we chuſe 54 and 9, thus 9)54(=5, it 

H h ſhews _ 
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thews that the teeth of the center 1 4 may he | 


841 and it muſt drive a pinion of g on the third 


wheel. Or, if inſtead of 54 and 9, we chuſe 48 
and 8, it Wil anſwer the ſame end, thus $]48(=6, 
As for the quotient | 10, we. may eaſily perceive 
that 56 and g will anſwer the enquiry, thus 
5);o(= 10: fo the third wheel having 50 teeth, 


muſt drive a pinion of 5 on the contrate wheel. 


Where note, that if the ſaid wheel has 40 or 60 
teeth, and drive a pinion of 4 or 6, we ſhall find 


the ſame number of turns exactly. And as for- 
the quotient 8, we have the number 48 and 6: 


thus 6)48( 8: or 7)56(=8: or 5(40(=8: there- 
fore if the contrate wheel be allowed 40, or 48, or 


56 teeth, it will drive a Peres of 55 wh or 7 leaves 


on the balance wheel. 


Thus it is to . and adjuſt all the wheels 


and pinions in the body of a 1 from the fu- 


fee to the balance, ſo far as to relate to the minute 


of an hour, Ny to the ſecond and ETD ſeconds 


of a minute. 


| Having 1 , as clearly a as l can, "Dy way of | 
calculating numbers for the watch- part, I ſhall 


alſo IE ſhew the principles of the ſtriking 
Part. 


Although his part conſiſts of many olds 

and pinions, yet reſpect needs to be. had only to 
the count wheel, ſtriking- wheel, and 0 | 
wheel, which move round in this proportion; 
the count. wheel B moveth round commonly once 
in 12, or 24 Ron: The detent-wheel moves round 


every 
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every ſtroke the clock ſtriketh, ſometimes but 


once in two ſtrokes. F rom hence it follows, 


1. That as many pins as are in the pin-wheel, ſo 
many turns hath: the detent - wheel, in one turn of 


the pin-wheel. Or (which is the ſame) the pins 


of the pin wheel are the quotient of that wheel, 
divided by the pinion of the detent-wheel. But 


if the detent / vheel moveth but once round in 
two ſtrokes of the clock, _ the ſaid eee is 


yt half. the number of pins. 


"i Asmany tyrns of the ke FO 3 
to perform the ſtrokes of 12 hours (which are,78), 
10 many turns muſt the pinion of report have, to 
turn round the cqunt-wheel once. Or, thus: 
divide 78 hy the number of ſtriking· pins, and the 
429355 thereof ſhall be the quotient for the pi- 


nion of report, and the count- wheel. All this 


is, in caſe the pinion of report be fixed. to the 


arbor of the ee as is 28 85 ON 


done. 


All ths I uke 40 LIED lain : or, ifs be 
not, the example in the margin 


$)48(s. will clear all difficulties, Here 


— the locking- wheel A is 48, the pi- 
6)78(13 pins nion.of report is 8, the pin-wheel 


6)60(10 is 78, the ftriking pins are 13. 
6)48(8. And fo of the reſt. I need only 


do remark here, that 78 being di- 
vided by the 13 pins, gives 6; which is the quoti- 


ent of the pinion of report C: as was before 


hinted ; and che notches of the plate B, ſerve to, 


- _,.- 
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let the locking piece C fall L into which * 
from the detent D, | | 


As for the warning wheel and g 80 « It 
matters little what numbers they have, their uſe 
being only to bridle the r of , of 
the other wheels, TROL Re PA tet gt 


4 
4 


Numbers of ſeveral Sorts of lum. 


1 8 1 haye before given fuch 1. $i 
rections, as may, I hope, accompliſh a ung 


practitioner in the art of calculation; yet it may 
be very convenient to ſet down ſome numbers fit 
for ſeveral movements; partly to be as examples 
to exerciſe the young reader : and partly, to ſerve 


fuch, who want leiſure or aback to attain 


to the art of calculation, « 4 


Mendes of an eight day-picee, wich 16 turns 


of the barrel, the pendulum vibrates ſeconds; an 


ſhews minutes, ſeconds, Fre. 


„ 


T he watch part. 4 The clock part, 


- $396 5 67 0 
$)60---40)40---6)73 7056 $ 885 
7 . ö 49 

13 1 | 49 

89 | x $ 


In the watch part, the wheel 60 is 10 minute- 
wheel, which is ſet i in the middle of the clock, 
hat it's f pindle may go through the middle of the 
ene to catry the e Alb 


_—_ Sy 
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_ 


Alſo on this ſpindle is a wheel 40, , which Fig* 3. 


driveth another wheel b of 40, Which laſt hath a 
pinion 6, 6, c, which driveth round the wheel 7a d 
in 12 hours. Note here two things: 1, That the 
two wheels 4 are of no other uſe, but to ſet the 
pinion 6 at à convenient diſtance from the chi- 
nute-wheel, to drive the wheel 72, which is con- 
centrical with the minute- heel. For a pinion 6 
driving a wheel 72, would be ſufficient, if the mi- 


nute-hand and hour-hand had two different cen- | 


ters. 2. | Theſe numbers, 60--40]40-r6]7 2, ſet 
thus, ought according as above to be thus read, 
viz. The wheel 60, hath another wheel 40 on the 
fame ſpindle ; which wheel 40 divideth (playeth 
in, or turns round) another wheel 40; Which 


hath a pinion 6 concentrical with it: which pini- 


on driveth or divideth a wheel of 72. Por a line 
parting two numbers [as 60--48] denoteth thoſe 
two numbers to. be concentrical, or to be placed 
upon the ſame ſpindle. And when two numbers 


have a hook between them ¶ as 48] 48] 1 it PP 


one 1 to run in the La ads 


In the 8 are 8 pins on the ſe- 
cond-wheel 56. The count- wheel may be fixed 


unto the great wheel, which goeth round once in 
12 hours, 


A piece of 32 days, n 16 turus hah parts: 
ho A ſheweth hours, minutes, and ſeconds; 
and the pendulum vibrateth ſeconds. 


was. 


Watch 
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age? D A 
Watch part. | * Striking 

Wm 16 turns. * With 16 £5 and m 
16096 5 117 100130 
917 : 
Err = $196 3 12 = { $)60 
7156 5 double hoop 3 $);6 
| 7 J 80548 
The pinion of report is fixed on | the end of the K 
arbor of the pin-wheel. This pinion is 125 the | 
ha gr 393 e Nee ee A 


A two ks pics of 64 days; | with 16 turns; 
pendulum vibrateth ſeconds, and ſheweth er 


ſeconds, &c. 

; Watch part. 25 A part. 
995 e n 
89765 . -þ10)6g 
| 8)60--48)48--6)72 [9064 £22 ins 

756 e 
| 5 5)60 double en. 
30 ! . | 


Here the third wheel is the pin-wheel, which 
alſo carrieth the pinion of __ 8, dazed the 
_ count-wheel 52. | ; 


A 


+ 4 
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The Dy 


$)6 
5 


5048 5 
6)45--48)48--6)72 


9⁴⁰ 
30 


i 
„% 
 $)88--27)12 
1 $)64--16 pins 


| 


A ſeven month-piece, with turns, ann, 
and motions, as belore. 


+ 


The clock. 


vr double hoop. 
6)48 . | 


A year-piece, of 384 days, with turns, pendu- 


lum, and motions, as before. 


The watch, 


* The clock. 


. 

89953 

697 s a 
2 double hoop. 

. * 


If you had exther have the Pinion of report, o 
the ſpindle of the pin-wheel, it muſt be I 3)39- 


A piece « of 30 hours, pendulum about 6 2 | 


 .: Phe clock. 
1848 


1678 13 pins. 
6)48 


the ſun not only finiſh their eincuits ſooner, but 
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A 30 hour piece to fing ſeconds. 
Watch part. Clock parr. 
6775 146778 13 pins 
672 „ ee * 
„ [ag 8 rg 
s T RON O ,.. 
ami hangen ofthe Solar MY 
Plate 12 7 


IE ſun, with the planets and comets which 
move round him as their center, conſtitute 


the ſolar ſyſtem, Thoſe planets which are near 


likewiſe move faſter in their reſpective orbits, than 


| thoſe which are mom remote him. Their mo- 


tions are all performed from weſt to eaſt, in orbits 
nearly cireular. 


f 


The ſun, an immenie globe of fire, is placed. 
near the common center of all the planets, and 
turns round his axis in 25 days 6 hours, as is 


evident 


\ 


Their names, diftances, bulks, 
and periodical revolutions, are as follow. 


10 


0 


\ 


Kay 
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evident by the motion of ſpots ſeen on his ſurface, 
which have often been remarked to keep this time 
before they diſappeared, His diameter is com- 


puted to be 763,000 . all planets ſeen "= 


him, move we Lame way, an dee 12 

order of the fgns ih the graduated 8 Aries, 
Taurus, Gemini, Cancer ee. ae repreſents the 
great ecliptic in the heavens ; but as ſeen from 
any one planet, the reſt appears ſometimes to 8⁰ 


backward, and ſometimes forward, and ſometimes | 


to ſtand Mill; not in circles: nor elipſes ; but in 
looped curves Which never return into As 


ſelves. Js Ct : 


* 


270 


Mercuty, che berelk dakine 16 2 füll. Mercury 


goes round him in 87 days 15 hours of our . | 
ut 


 hearly; which is the length of 955 year. 

being ſeldom ſeen, and ho ſpots a pearin upon 
his ſurface or diſc; the time of his e his 
axis, or the length of his days and nights, is as 


yet unknown. His diſtance from he fun, is 


computed to be 32,600,060 of miles, and his 


diameter 2600. 15 his courſe round” "the ſin, he 
moves at the tate of 95,000 miles every hour. His | 


light and heat from the ſun are almoſt even lime 
as great 'as' ours; and the ſun appeats to, Him 
almoſt ſeven times as large as to vz. Peu, 


N 344) © 


Kieser is inblined ſeven degrets to the 
ecliptic ; and that node from which he àfdends 
northyard above the ecliptic, ig ih the 14th 


degree of Taurus; the oppoſite. in the 14th degree 
of Scorpio. The earth is in theſe points on the 


eth of November, and 4th of May, new ſtile ; 
T1 2 and 


1 


FR 


24 


fin. | 


the afternoon. 1799, 
| afternoon. There will. be ſeveral intermediate 


r r evi To 


wt when Ae 2 cones to Either of Kis nodes, 
when he is between. e earth and fan 1 in the nearer 
art of his orbit, he will appear to pals over the 
© of face of the ſun like a dark round ſpot. But 


in aft other parts of his orbit, his conjuhQions are 


"ad becauſe he either e or below the 


7 


| Abb lb ili, he will "20 
the fun 2 dile in 17 86, Ma 


Gig: Ath, at Sh. Sym. 
c. 6th, at 3h. $5m. in 


- 7th, at 2h. 34m. in the 


in the forenoon. _ 1789, 


tranſits, but none of them, viſible in this latitude, 


Venus, the next lanet it in Oer, is is computed to 
9,000,000 miles -from the ſun, and by 


Se at cht rate of 69000 miles every hour in 
I 


t. She gaes round the ſun in 224 days 


17 hours of our time neatly, in which, though it 


is as lon 


be the full length of her year, ſhe' has only nine 


days © one quarter, according to the beſt obſerva- 
tions, ⁰ that, to her every day and night together 
ng as 24 13d days and nights with us. 
d 


This od 


to our earth. Her diameter is 7906 miles; and 


| the 69,000 above-mentioned... ji” fort 


by her diurnal, motion, the inhabitants about her 
equator are carried 43 miles * e e 


Venus's orbit is inclined 3 hatt e to the 


| earth's, and croſſes rin the ae of Gmina 


and of Sagittarrus: 


< 


The 


1-4th of a day in every year makes every 
fourth year a leap: year to Venus, as the like does 


e 2. 2 


N 


a USEFUL KNOWLEDGE. 

The axis of Venus is inclined 75 degrees 
axis of her, orbit ; ; which is 51 1-hatf 
more than qur garth's axis is incline” to the . 

of the ecliptic ; 3 and therefore, her feaſons Ya | 
mugh more than ours da. The north pole of hit 
axis inclines toward the 2oth degree of Aquarius,” 
our earth's to the beginning of Cancer; confe- 
quently the northern parts of Venus have fummer 
in the ſigns where a 1 our 22 Rave winter, 
and vice yerſa, 


to the. 


As ker het Wilde only 9 1th 
of her days, the fon - wilf always appear to 80 
throygh a whole ſign, or twelfth part of her orbit; 
in little gore chan three ou of her nature 


nights. | 


She ſhews the ſame appearances: to us * 
every. eight. years; her capjunRtions, clongations, 
and times of riſing and ſetting, being 87 my 
the lame on the ſame gens as e 


' The earth ãs the next ke chore Veaus' in 11 


ſyſtem. It is 82,000,090 of miles from the ſun, 
and goes round him in 365 days 5 hours 49 mi- 


nutes, from any equinox or ſolſtice to che ſame 
again: but from any fixed ſtar to the ſame again, 


as ſeen. from the ſun, in 365 days 6 hours and 9 


| minutes, the former being the length of the tropi- 


cal year, and the latter the length olf the ſ dereal. - 
It travels at the rate of 58,000 miles « every hour, 
which. motion, though 120 times ſwifter than 
hat of a candon-ball, is little more than half as 

_ twiſt 


4 & + Ag * 12415 k 802 82 


— & — 


_ ＋ 
5 
1 * 


cauſes the return n of ſpring, ſuramer, N and 
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Rey G3 * { 

as, Mercury's $ motion in his orbit.” "The 
4 8. I is 7970.7 miles; and by turning 
round its axis every 24 hours from weſt to 
eaſt; - it cauſes, an apparent diunrnal motion of - 
all the heavenly bodies from eaſt t to weſt. By 
this rapid motion of the earth on its axis, the 
inhabitants about the equator are carried 1042 
miles eyery hour, while thoſe on the parallel of 


London are carried only about 580, beſides the 


- 68,000 miles by the annual motion above-men:- 
. tioned, which is common to all places whatever. 


The earth's axis makes an angle of 231 degrees 


with the axis of its orbit; and keeps nearly the 


ſame oblique direction, inclining toward the ſame 
fixed ſtars throughout its annual courſe, "which 


winter. 5 5 


e 


W an miles; the indabited parts 
38, 990, 569; Europe 4,459,065; Aſia 10,768 58231 


__ Africa 9,654,807; America 14,1 10,874; in all, 


Moon { 


199,512,596; which is the number of —_— miles 


on the whole ſurface of our globe. 


Then moon is not a planet, but _ a ſatellite or 


attendant of the earth, going round the earth from 


change to change, in 29 days, 12 hours, and 44 
minutes; and round the ſun with it every year- 
The moon's diameter is 2180 miles; and her diſ- 


tance from the earth's center 24,000. She goes 
round her orbit in 27 days, 7 hours, 43 minutes, 


moving * 2290 miles every hour; and turns 
1 round 


'\ 


n 
8 
0 
f - 
4 

4 

e 

f 

u 


..% 
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| "_ her axis exactly in the time that ſhe Sees ; 


wund the earth, which is the'reaſon of her keep- 
ing always the ſame fide towards us; and that hey 

day and night taken together, is as 5 long as our 
luner month. n 


— 
Mas Barts 10345 34/0 T6109) 1 e 


The moon is an opaque obe like the engl ; 
and ſhines only by reflecting the light of the ſun; 
therefore, whilft that half of her Which is towards 
the ſun is enlightened, the other half muſt be dark 
and inviſible. ' Hence, ſhe diſappears when ſhe 
comes between us and the ſun, becauſe her dark 
fide is then towards us. When ſhe is gone alittle 
forward, we ſeea little of her enlightened. fide : 
which ſtill increaſes to our view, as ſhe advances 


forward, until ſhe comes to be oppoſite to the ſun, 


and then her whole enlightened ſide is towards the 
earth, and ſhe appears with a round illuminated 
orb, which we call the full moon; her dark ſide 


| being then turned away from the earth. From the 


full, ſhe ſeems to decreaſe gradually, as ſhe goes 
through the other half of her courſe; ſhewing us 
leſs and leſs of her enlightened fide every day, till 
her next change or conjunction with the ſun, and 


then ſhe diſappears as before. - 


This continual change of the moon's ; phaſes de- 
monſtrates, that ſhe ſhines not by any light of her 
own: for if ſhe did, being globular, we ſnould al- 
ways ſee her with a round full orb, like the ſun. 
She has very little difference of ſeaſons, her axis be- 
ing almoſt perpendicular to the ecliptic. What is 
very ſingular, one half of her has no darkneſs at 


ar all; the earth conſtantly affording it a Aan 
| 5 | 
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"light in the ſun's abſence; while the other half has 


. e IORT MOR 
| nc 


3 
11 


"Our can. is a moon to ** wn waxing and 


_ weaning regularly, but appearing thirteen times as 
big, and affording her x3 times as much light as 
ſhe does to us. When ſhe & Hog to us, the 
earth appears full to her; and when dae 
firſt quarter to us, the ee ht 
cents ha 


But from one. half of the moon, the earth is 
never ſeen at all: from the middle of the hu 
half, it is always ſeen over head; turning round 
almoſt thirty times as quick as the moon does, 
From the circle which limits our view of the moon, 
only one half of the carth-lide next her is ſeen; 
the other half being hid below the horizon of all 
places on that circle. To her the earth ſeems to 
be the biggeſt body in the univerſe, for it ap- 

pears 13 times as big as ſhe does to us. Her 
orbit croſſes the ecliptic in to oppoſite points 
called the moon's nodes; fo that one half of her 
orbit is above the ecliptic, and che other below 
it. The angle of obliquity i is 5 1-3d degrees, as 
the earth turns round its xis, F ee conti- 
nents, ſeas, and iſlands,” appear to the moon's 
inhabitants like ſo many ſpots of different forms 
and brightneſs, moving over its furface ; but 
much fainter at ſome times than others, as our 


clouds cover them or leuye them. By theſe ſpots 


the lungrians can determine the time of the earth's 
_ divrnal motion, juſt as ve do the motion of the fun ; 
5 8 8 
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and perhaps r time by che motion 
of the earth's ſpots, for they cannot have due 
dial. 


, © ww , I WY 
C4 3,441 doc +. rl $7 


The planet Mars is next eng being 4he dan: 


firſt above the earth's” orbit; his diſtance from the 
fun is computed to be 125,000,000 of miles; and 

moves at the rate of 47000-miles every hour; he 
goes round the ſun in 686 of our days and 23 
hours; which is che length of his year, and con- 
tains 667 '3-4ths of his days; every day and night 
together being 40 minutes longer than with us, 


His diameter is 4444 miles, and by his: diurnal 
rotation, the inhabitants about his equator are 


carried 556 miles every hour. His quantity of 


tight and heat is equal but to one half of .ours ; 
en Toa" "appears but "half . dig to him as 


to us. 


Thi ne Bi bet 6 a nets bi W 
earth, if any moon attends him, ſhe muſt be very 


ſmall, and has not yet been diſcovered by our 


'beft teleſcopes, He is of a fiery red colour, and 
We y his appulſes to ſome of the fixed ſtars, ſeems to 


be encompaſſed by a very groſs, atmoſphere. He 
appears ſometimes .gibbous, but never horned, 


which both ſhews that his orbit includes the earth 
within! it, and ckat he ſhines not by his own 3: 


ToMarvourcarth and moon appear like rwo moons, 
a bigger and a leſs, changing places with one ano- 
ther, and appearing ſometimes horned, ſometimes 
half or three quarters illuminated, but never full; 


nor at | oft above ale JO of 8 degree from 
each 
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each «132200 pr e 1 Me. 240 0 miles 
aſunder. 16S 


3 


Our earth appears af as 85 to Mars as \ 4 
nus does to us, and at Mary it is never ſeen above 
48 degrees from the ſun; ſometimes it appears to 
- paſs over the diſc of the ſun, and ſo do Mercury 
and Venus: but Mercury can never be ſeen from 
Mars, by. ſuch eyes as ours, unaſſiſted by proper 
inſtruments; and Venus will be as ſeldom ſeen as 
we ſee Mercury. Jupiter and Saturn are as viſible 
to Mars as to us. His axis is perpendicular to the 
ecliptic, and his orbit is two degrees inglived 
2 it. A Pit Nn | Vl 


Jupiter, _— biagel of. all, the N 5s ſtil 
3 | in the ſyſtem, being about 426 millions of 
miles from the ſun : and going at the rate of 25 
thouſand miles every hour in his orbit, finiſhes 
his annual period in eleven of our years 314 days 
and 12 hours. He is above 1000 times as big as 
the earth, for his diameter is 81,000 miles; which 
1 more than ten times the ien of the . 


* Jupiter x turns {ad his axis in 9 hours 96 mi- 
nutes; ſo that his year contains 10 thouſand 470 


days ; . and the diurnal velocity of his equatoreal 
parts is greater than the ſwiftneſs with which he 


moves in his annual orbit; a ſingular eircum- 
ſtance, as far as we know. By this prodigious 
quick rotation, his equatoreal inhabitants are car- 
ried 25 thouſand 920 miles every hour (which is 


920 miles an hour more than an inhabitant of 
our earth's equator moves. in we hou beide | 


A&A @s. kk, yt 
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beſides the 25 thouſand above. mentioned, which 
is common to all parts of his ſurface, by his annual 
motion: 3 | 


Jupiter. is begun by gain ſubſtances, called Hisbelts 
belts; 1 in which'fo'n many changes' appear, that they& ſpots, 


are genefally thought to be clouds: for ſome of 
them have been fi interrupted and broken, and 
then have vaniſhed” mite They have ſome- 
times been obſerved of different breadths, and af- 
terwards 2 8 all become nearly of the ſame 
breadth. I e ſpots haye been ſeen 1 in theſe belts; 


and ig 5 elt Vaniſhes, the ee ſpots | 
dif; [appear with i it. 


The axis of Ju le 18 ſo nearly otviebetdirg, has 


to his orbit, that he has no ſenſible change of» 


ſeaſons; which is 2a great advantage, and wiſely ges. | 
ordered by the Author of nature, For, if the axis eg ; 


: 1 lanet were inelined any conſiderable num- 

degrees, juſt ſo many degrees round each 
1 wolf) in their turn be almoſt ſix of our years 
together in darkneſs. And, as each degree of a 
great circle on J upiter contains 706 of our miles at 
a mean rate, it is eaſy to judge what vaſt tracts of 
land would be rendered uninhabitable by r 
conſiderable ingligation « of his axis. 


The fun appears but 1-48th part ſo big to fey Las has 
piter as to us; and his light and heat are in the four 


118 fmall 5 roportion, but compenſated by the 
quick s thereof, and by four moons (fome - 
bigger 11 ſome leſs than our earth) which re- 
volve aboßk! him: {| >. 1 there i is ſcarce any 2 
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Their 
periods 
round 


Jupiter. 


AN INTRODUCTION TO 
of this huge planet but what i is during the whole 
night enlightened by one or more of theſe moons, 


except his poles, whence only the fartheſt moons 
can be ſeen, and where their. light is not wanted, 


becauſe the ſun conſtantly circulates in or near the 
horizon, and is very probably kept in view of 
both poles by the refraction of Jupiter's atmo- 
ſphere, which, if it be like ours, has certainly re- 


fractive power enough for that purpoſe. 


The orbits of theſe moons are repreſetited i in 
the ſcheme of the ſolar ſyſtem by four ſmall cir- 
cles on Jupiter's orbit, but they are drawn fifty 
times too large in proportion to it. The firſt 
moon, or that neareſt to Jupiter, goes round him 
in 1 day 18 hours and 36 minutes of our time ; and 
is 229 thouſand miles-diſtant from his center: The 
ſecond performs its revolution in three days 13 
hours and 15 minutes, at 364 thouſand miles 
diſtance : The third in 7 days 3 hours and 59 mi- 


nutes, at the diſtance of 580 thouſand miles: And 


Two 
ra 
; —aM 
ries 
made by 
| the 
eclipſe 
of Jupi- 
ter $ 
moons. 


the fourth, or outermoſt, in 16 days 18 hours and 
30 minutes, at the diſtance of 1 million of miles 
from his center, | 
Jupiter“ s three ciedraſt moons fall into kis ha 
dow, and are eclipſed in every revolution: but the 
orbit of the fourth moon is ſo much inclined, that 
it paſſeth by its oppoſition to Jupiter, without 
falling into his ſhadow, two years, in every fix. 
By theſe eclipſes, aſtronomers have not only diſ- 
covered that the ſun's light takes up eight minutes 
of time in coming to us; but they have alſo de- 


3 the longitudes of places on this earth 
with. 
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ple with great certainty and facility, than by any other 
IS, method yet known. | 
ns 
d, Jupiter's orbit is 1 3 20 minutes inclined The 
he to the ecliptic. His north node is in the 7th'de- mY of 
of gree of Cancer, and his Ia node in the 7th de- 104. @. 
0 gree of er AY Wis | | 
wh . 
Saturn, next in order, is about 780 millions of Saturn. 
; miles from the ſun ; and travelling at the rate of 
a 18 thouſand miles every hour, performs its annual 
8 circuit in 29 years 167 days and 5 hours of our 
y time ; which makes only one year to that planet. 
t Its diameter is 67,000 miles; and therefore it is 
near 600 times as big as the earth. 
e This planet ĩs ſurrounded by a thin ety ring, His ring 
3 as an artificial globe is by a horizon. The ring 
J appears double when ſeen through a good tele- 
- ſcope. It is inclined 30 degrees to the ecliptic, 
i and is about 21 thouſand miles in breadth; which 
is equal to its diſtance from Saturn on all ſides. 
6 


There is reaſon to believe that the ring turns 
round its axis, becauſe, when it is almoſt. edge- 

' wiſe to us, it appears ſomewhat thicker on one 
fide of the planet than on the other; and the 

thickeſt edge has been ſeen on different ſides at 
different times. But Saturn having no viſible 
fpots on his body, whereby to determine the time 
of this turning round his axis, the length of his 
days and nights, and the poſition of his axis, are 
unknown to us. | 


To Saturn, the ſun appears only 1-goth part 1 
| ſo 
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ſo biz as to us; and the fight kad heat he receives 
from the ſun are in the ſame proportion to ours. 
But to compenſate for the ſmall quantity of ſun- 
light, he has five moons, all going round him on 
the outſide of his ring, and nearly in the ſame 
plane with it. The firſt, or neareſt moon to Sa- 


turn, goes round him in one day 21 Hours 19 mi- 


nutes; and i is 140 thouſand miles from his center. 


he ſecond, in 2 days 17 hours 40 minutes ; at 
the diſtance 1 187 thouſand miles. The third, 
in 4 days 12 hours 25 minutes; at 263 thouſand 
miles diſtance. The fourth, in 1 5 days 22 hours 
41 minutes; at the diſtance of 600 thouſand miles. 
And the fifth, or outermoſt, at 1 million 800 thou- 
ſand miles from Saturn's center, goes round him 


in 72 days 7 hours 48 minutes. Their. orbits in 


the ſcheme of the ſolar ſyſtem are repreſented by) 


the five ſmall circles, on Saturn's orbit;, but theſe, 
like the orbits of the other ſatellites, are drawn 
fifty times too large in proportion to che 
ofbits of __ pana planets. 


_ 


Ho ie This ring, en from Saturn, appears like avaſt 
ring ap- luminous arch in the heavens; as if it did not be- 
wang long to the planet. When we ſee the ring moſt 
and Open, its ſhadow upon the Phanet i is broadeſt; and 
to us. from that time the ſhadow grows narrower, as the 

ring appears todo to us; until, by Saturn's annual 

motion, the ſun comes to the plane of the ring, 

or even with its edge; which being then directed 
| towards us, becomes inviſible on account of its 
In what thinneſs. The ring diſappears twice in every an- 


vp p nual revolution of Saturn, namely, when he 1 * > 


1 * . 
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the rgth degree both of Piſces and of Virgo. And E. 
when Saturn is in he triddie between thefe points, ng 
or in the 19th degree either of Gemini ot of er in 


what 


Sagittartus, his ring appears moſt open to us; Cots ie 
and then its longeſt . is to 1rs Horteft, as'g appears 


ro +* 53 moſt 


_ to 
The bin of Saturn is 21 degrees inclined co 
the ecliptic,” or orbit of our earth, and interſects Placesof 


Satuin 
it in the 21ſt degree of Cancer and of Capricorn; 2 's 


ſo that Saturn's nodes are only, 14 Kent from 


J upiter's.. /, - 


On the I 3th * of VE 581, SOT,” the _ 
hours of ten and twelve at 0 as Mr. Herſchel, dus dus. 
che Aſtronomer Royal, at indſor, was. attempt- | 
ing to diſcover the parallax of the ſtars, by means 
of double, triple, and quadruple fixed ſtats, he 
diſcovered a new planet, belonging our ſyſtem, 
as he was examining the ſmall ſtars near the feet 
of Gemini, which he named Georgium Sidus, in 
honour to our preſent Sovereign: 1 it is ſeldom to be 
ſeen very plainly by the naked eye; it is nearly the 
colour of Jupiter, or ſomewhat. paler and more 
faint, and its apparent diameter about 4 ſeconds, 
by the calculation'of _M. De la Lande ; we are | 
told that his diſtance from the ſun is 19 times far- 


ther than the earth is; and its diameter is 4 1-half 


tines thae of the earth's. , oy 


Every perſon who Ys upon, and compares It js 
the ſyſtems of moons together, which belong to highly 


Jupiter and Saturn, muſt be amazed at the vaſt ||. _— 


magnitude of theſe two planets, and the noble at- all the 
| __ *rendahce 
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q —_ tendance they have in reſpect of our little earth: and 


habited can never bring himſelf to think, that an infinitely 


wiſe Creator ſhould diſpoſe of all his animals and 
vegetables here, leaving the other planets bare 


and deſtitute of rational creatures. To ſuppoſe 
that he had any view to our benefit in creating 


theſe moons, and giving them their motions round 
Jupiter and Saturn; to imagine that he intended 


theſe vaſt bodies for any advantage to us, when 


he well knew that they could never be ſeen but 


by a few aſtronomers peeping through teleſcopes; 
and that he gave to the planets regular returns 


of days and nights, and different ſeaſons to all 


where they would be convenient; but of no man- 


ner of ſervice to. us; except only what immedi- 
ately regards our own planet the earth; to imagne, 


I fay, that he did all this on our account, would 


be charging him impiouſly with having done 
much in vain: and as abſurd, as to imagine that 
he has created a little ſun and a planetary ſyſtem 
within the ſhell of our earth, and intended them 


for our uſe. Theſe conſiderations amount to 
little leſs than a poſitive proof, chat all the pla- 


nets are inhabited: for if they are not, why all 


this care in furniſhing them with ſo many moons, 


to ſupply thoſe with light which are at the greater 


diſtances from the ſun? Do we not ſee, that the 
farther a planet is from the ſun, the greater appa- 
ratus it has for that purpoſe ? ſave only Mars, 


which being but a ſmall planet, may have moons 


too ſmall to be ſeen by us. And Georgium Sidus 


being at too great a diſtance for us to attain any 


| © knowledge of his moons. We know that the 


_ - earth goes round the Fan, and turns s round it's 


own 


—"—_ = 22 
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own axis, to produce the viciſſitudes of ſummer 
and winter by the former, and of day and night 
by the latter motion, for the benefit of it's inhabi- 
tants. May we not then fairly conclude, by pa- 
rity of reaſon; that the end and defign of all the 
other planets is the Tame? and is not this agree- 
able to the beautiful harmony which exiſts 
throughout the univerſe? Surely it is: and raiſes 
in us the moſt magnificent ideas of the Supreme 
Being, who is every where, and at all times pre- 
ſent; difplayin his. power, wiſdom, and good- | 
neſs, among all his creatures! and diſtributing f 
happiogls o innumerable ranks of various be- 


ings ! wy 


Every dart n bad ſaellite is ;ochinated oo the Eclipes 


ſun; and cafts a ſhadow towards that point of the 
heaven which! is oppoſite to the fun. - This ſhadow 


is nothing but a privation of light in the ſpace hid 


from'the fon by re ways th that hes! waa his 1 


rays. IE 


When | 5 "Ws light is & ee by the 
moon, that to' any place of the earth the ſun ap- 
pears partly or wholly covered, he is ſaid to under- 
go an eclipſe; though, properly ſpeaking, it is 
only an eclipſe of that part of the earth where the 
moon's ſhadow or penumbra falls. When the 
earth comes between the ſun and moon; the moon 
falls into the earth's ſhadow; | and'having no light 
of her own; ſhe ſuffers a real eclipſe from the inter- 
ception of the ſun's rays.” When the ſun is eclipſ- 
ed to us, the moon's inhabitants on the ſide next 
the earth (if 'any ſuch there be) ſee her ſhadow like 

7 . IT 
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a dark ſpot. travelling over the eatth, about twice 
as faſt as its equatortal parts move, and the fame 
0 way as they move. When the mqon is in an 

edipfe, the ſun appears eclipſed to her, tgtal to all 


thoſe! parts en which, the carth's ſhadow falls, and 
of 2s, long eontinuaace As. Hr are in the ſhadoy, 


If the earth and 51 were "equally big, the 
earth” s. ſhadqw would be infinitely extended, and 
all of the ſame bulk ; and the p lanet Mars, fa ei- 
ther of its nodes, and Opp WA to the ſun, would 
be eclipſed. in the earth's ſhadow. Were the earth | 


bigger than the ſyn, its ſhadow would increaſe i in 


bulk the farther it extended, and would eclipſe 
the great planets Jupiter and Saturn, with all their 


.  mgons, when. i fois ue I Hut 
as Mars in oppoſition never | any $ 


ſhadoy, although: he is net then 5 42 Mil- 
lions of miles from the each, it is plain, that 
the earth is much leſs than che ſon; for other 
wiſe its ſhadow could not end in a point at fo ſmall 


a a diſtance. If the ſun and moon were equally big, 


the moon's ſhadow would go on to the earth with 
an equal breadth, and cover a portion of the carth's 
ſurface more than 2000 miles broad, even if it 
fell; directly againſt the earth's center, as ſeen 


from the mdon; and much more if it fall obliquely 


on the earth: but the moon's ſhado is ſeldom 
150 miles broad at the earth, unleſs When it falls 
very obliquely on the earth, in total eclipſes of the 
ſun. In annular ęclipſes, the moon's real ſhadow 


| ends in a point at ſome diſtance: from the earth. 


The moon's ſmall diſtance from the earth, and the 


| ſhortneſs of her ſhadow, ptove ther to he leſs than 
| a R e 
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e ſun: And us the earth's ſhadow is large 
enough to cover the moon, if her diameter were 
three times a large as it is (which is evident from 
her long continuance in the ſhadow when ſhe goes 
through it's center) it is plain, that the r 1s 
much bigger awe) N 1755 | 


If the/movn's orbit wete coincident with the n, 


plane of the ecliptic, in which the earth always vs ab 


moves and the fun appears to move, the moon's fo ſew 


| ſhadow would fall upon the earth at every change, My 


and eclipſe the ſun to ſome parts of the earth. In 
like washer the moon would go through the 
middle of the earth's ſhadow, and be eclipſed at 
every full; but with this difference, that ſhe 
would be totally darkened for above an hour and , 
an half; whereas the ſun never was above four 
minutes totally eclipſed by the interpoſition of 
the moon. But © 4 half of the moon's orbit is 
elevated 5 t-3d degtees above the ecliptic, and The 


the other hatf as much depreſſed below it: con- 1e. 


ſequentiy; the moon 's orbit interfects the ecliptic 
in two oppoſite poitits called the moon's nodes, as 


has been already taken notice of. When theſe” 
points are in à right line with the center of the” 
ſun at new or full moon, the ſun, moon and earth 
are all in a right line; and if the moon be then 
new, her ſhadow falls upon the e x full, the 
earth's ſhadow falls upon her. e ſun and m 


moon are more. than 17 degrees from either of of 
the nodes at the time of comhunckion, the moon fes. 
is then generally too high of too low in her orbit 


to caſt any part of her ſhadow upon the earth. 
eee 92 And 
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And when the ſun is more than 12 degrees from 
either of the nodes at the time of full moon, the 
moon is generally too. high or two low in her 
orbit to ga through any part of the earth's ſha- 
dow: and in both theſe: caſes. there will be no 
eclipſe. - But when the moon is leſs than 17 de. 
grees from either node at the time of conjunction, 
her ſhadow or penumbra falls more or leſs upon 
the earth, as ſhe is more or leſs within this mit. 


This admits. of ſome variation: for, in apogeal 
15 eclipſes, the ſolar limit is but 16 1-half degrees; 


and in perigeal eclipſes it is 18 1-3d. When the 


full moon is in her apogee; ſhe will be eclipſed if 


ſhe be within 10 1-half degrees of the node; and 
when ſhe is full in her perigee, ſhe will be eclipſed 


it ſhe be within 12 1. 3oth degrees of the node. 


And when ſhe is leſs than 12 degrees from 


either node at the time of oppoſition, ſhe 


goes through a greater or leſs. portion of the 
earth's ſhadow as ſhe is more or leſs within this 


limit. . Her orbit contains 360 degrees ; of which 
17, the limit of ſolar eclipſes on either {ide of the 
nodes, and 12, the limit of lunar eclipſes, are but 
ſmall portions: and as the ſun commonly paſſes by 


the nodes but twice in a year, it is no wonder 


that we have ſo 08 new and full moons wit hout 
eclipſes. | 

| To illuſtrate this, let AB c D be the ecliptic, 
RS T U a circle lying in the ſame plane with the 


ecliptic, and V WXY, the moon's orbit, all 


bs into an oblique view, which gives them 


m eliptical ſhape to the eye. One half the 


moon s orbit, as V W X, is always below the 
ecliptic, 


1 pon 
mit. 
geal 
res; 


the 


d it 
and 
fed 
de. 


her oppoſiti 
ſhadow I, becauſe the is then near the other node; 
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ecliptic,' and the other half X X V above it. 


The points V and X, where the moon's orbit in- 


erſe the circle K 8 T U, which lies even with 
the ecliptic, are the moon's nodes; and the right 


line, as X E V, drawn, from to the other through | Lins of 


| the earth's center, is called the line of the nodes, e, 


which is carried almoſt Parallel to irſelf round the 


ſun in a year. 


„ the moon bed Wende the a in the orbit 


RST U which i is coincident with the plane of the | 
ecliptic, her thadow would fall upon the earth 


every time ſhè is in conjunction with the ſun, and 
at every oppoſition ſhe* would go through the 


earth's ſhadow. 'Were this the caſe, the ſun-would 


be eclipſed at every change, and the moon at every 
full, as already mentioned, | 


But although the moon's FULL N muſt lan | 
upon the earth at a, when the earth is at E, and 


the moon in conjunction with the fun at i, becauſe 
ſhe is then very near one of her nodes; and at 
tion n ſhe muſt go through the earth's 


yet, in the time that ſhe goes round the earth to 


her next change, according to the order of the 
letters X Y VW, the earth advances from E to e, 


according to the order of the letters EF GH, and 


the line of the nodes VE X being carried nearly 
paralle] to itſelf, brings the point f of the moon's 
orbit in conjunction with the ſun at that next 
change; and then the mbon being at f, is too 


high above the eclipſe to caſt her ſhadow on the 
cxrth'; and 2s the earth is ſtill moving forward, 


the 


- - « 
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AN INTROpUSTION T0 
the moon at her next oppoſition will be at g, too 


far below the ecliptic to go through any part of 
the earth's ſhadow ; for by that time the point g 


will be at a conſiderable Grange From Ld Fab 
as ſeen. from the ſun, - + 


2 0 


When the earth comes to F, the moon in- con- 


junction with the ſun Z is not at k, in} a plane co⸗ 


incident with the ecliptic, but above it at I i in 
the higheſt part of her orbit: and then the point 
b of her ſhadow O goes far above the earth, 
as in fig. 2, which is an edge view of fig. 1, The 
moon at her next oppokogp. is not at o, fig. I, but 
at W, where the earth's ſhadow goes far aboye her, 
as in fig. 2. In both theſe caſes the line of the nodes. 
VFX, fig. 1, is about go.degrees from the ſun, 


and both luminaries are as far as poſſible from 


the limits of . 


When the earth has ane half * the eclip 
tic from E to G, the line of the nodes V GX is 
nearly, if not exactly, directed towards the ſun at 
23 and then the new moon 1 caſts her ſhadow Þ on 
the earth G; and the full moon p goes through 
the earth's. ſhadow L.; which brings on \eolipſes 


. again, as when the earth. was at E. 


When the earth comes to H. the new. moon 
falls not at m in a plane coincident with the echp- 


tic C D, but at W. in her orbit below i it: and then 
her ſhadow Qfig. 2, goes far below the earth. At the 
next full ſhe is not at q. fig · I, but at V in her orbit 
5 1-3d degrees above q, and at her greateſt 
i above the ecliptic CD; being then,; as - 


far 
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far as poſſible, at any rege f from the en 
ſhadoy M, as in fig. 2. 19978 


So, when the earth is at E 55 G, the moon is 
about her nodes at new and full; and in her 
greateſt north. apd ſouth declination (or latitude 
as it is generally called) from the ecliptic at her 
quarters : but when the earth is at F or H, the 
moon is in her greateſt north and ſouth declina- 
tion from the ecliptic at new and Wh 41 in the | 
nodes about her quarters: | ah | 


The point X where the moon's orbit croſſes The 
the ecliptic is called the aſcending node, becauſe moon's 
the moon aſcends from it above the echptic; and — . 


the oppoſite point of interſection Vis called the g feu. 


deſcending node, becauſe the moon deſcends from ing node 


it below the ecliptic, When the moon is at V, | 
in the higheſt point of her orbit, the is in her Her 


"Ald north & 


greateſt north Jatitude ; and when the i is at Win Guth la. 


the loweſt point « of her orbit the i is in ber greateſt utude. 
fourh latitude. i 7 | 


| If the Hnwof the OW? like the earth? O axis, was The 
carried parallel to itſelf round the ſun, there would nodes 

de juſt half a year between the conjunctions of the 

ſun and nodes. But the nodes ſhift backward, or grade 


contrary to the earth's annual motion, 19. 1-thind moon. 


degrees every year; and therefore the fame node 
comes round the ſun 19 days fooner every year 
than on the year before. Conſequently, from the 
time that the aſcending node X (when the earth is 
at E) paſſes by the ſun as ſeen from the earth, it is 
only: 17 3 days (not half a year) till the deſcending 


node 


26 


ave a 
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1 node V paſſes him. Therefore, in whatever time 1 


| Which of the year we have eclipſes of the luminaries about f 
# brings either node, we may be ſure, that in 173 days af- 0 
on the ter ward, we ſhall have eclipſes about the other ; 


_ eclipſe: 
— neg node. And when at any time of the year the line 


1 every of the nodes is in the ſituation VG X, at the ſame 
| zan time next year it wilt be in the ſituation r Gs; the 
they - aſcending node having gone backward, that is, 

125 _ contrary to the order of ſigns, from X to s, and 
nodes the deſcending node from V tor; each 19 I-30 
had not degrees. At this rate the nodes ſhift through all 

* — the ſigns and degrees of the ecliptic in 18 years 
| and 225 days; in which time there would always 
be a regular period of eclipſes, if any complete 
number of lunations were finiſhed without a frac- 

tion. But this never happens; for if both the 

ſon and moon ſhould ſtart from a line of conjunc- 

tion with either of the nodes in any point of the 
ecliptic, the ſan would perform 18 annual reyo- 
lutions and 222 degrees over and above, and the 
moon 230 lunations and 85 degrees of the 231ſt, 

by the time the node came round to the ſame 

point of the ecliptic again: ſo that the fun would 

chen be 138 degrees from the node, and the moon 


85 degrees from the ſun. 
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PE But, in 223 mean junition, after the fun, 
od of moon, and nodes, have been once in a hne of con- 
eclipſes. junction, they return ſo. nearly to the ſame ſtate 
| again, as that the ſame node, which was in con- 
ll - junction with the ſun and moon at the beginning 
| of the firſt of theſe lunatzons, will be within 
28 degrees 12 ſeconds of a degree of a line of con- 
junction with the ſun and moon again, when = 
| . a 
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laſt of theſe lunations is completed. And there- 


fore, in that time, there will be a regular period 
of eclipſes, or return of the ſame eclipſe, for many 
ages. II F548 | Yet iy 


2 


On the UNIVERSE. L 


HIS wide machine the univerſe regard, 


Hotter than melting flint or fluid glaſs. 


The ſun a globe of fire, a glowing maſs, ; 


Of this our ſyſtem holds the middle place, 
Mercury the neareſt to the central ſun, 
Does in an oval orbit circling run; | 


But rarely is the object of our fight, 


In ſolar glory ſunk and more prevailing light. 
Venus the next whoſe lovely beams adorn, 


As well the dewy eve as opening morn, 


Does her fair orb in beautious order turn. 

The Globe terreſtrial next with ſlanting poles, 
And all it's pond'rous load unwearied rolls. 
Mars next in order, further from the ſun, 

Does in a more extenſive orbit run. _ 

Then we behold bright planetary Jove, 

Sublime in ſpace, thro' his wide province move; 


Four ſecond planets his dominion own, 


And round him turn, as round the earth the moon. 
| 5 Saturn 


With how much ſkill is each apartmentrear d? 
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| Saturn revolving itt a Kightr ſphere; 
18 by five moods attended thro his year 


The vaſt dimenſion of his path is found, 
Five thouſand million Engliſh miles Aa, 
Then Georgium Sidus fartheſt from the Sun, 


In boundleſs ſpace does round his orbit turn. 


Vet is this mighty ſyſtem, which contains 
So many worlds ſuch vaſt ætherial planes, 
But one of thouſands, which compoſe the whole, 
Perhaps as glorious, and of worlds as full. | 
The ſtars which grace the high expanſion, bright, 
By their own beams and unprecarigus light, 
Tho' ſome near neighbours ſeem and ſome diſplay 
United luſtre in the milky way, 
At a vaſt diſtance from each other He, 


Sevet'd by ſpacious voids of liquid * 
All theſe illuſtrious worlds and many more, 
Which by the tube aſtrononters TT 59 
And millions which the glaſs can ne er . 
Loſt in the wilds of vaſt immenſity, 

Are ſuns, are centers, whoſe ſt uperior ſway, 


Planets of various mhagnitades 0 obey. 


If we with one clear eomprehenſtye ſight 
Saw all theſe ſyſtems all theſe orbs of light; 


If we their ſe and dependence knew. 


Had all their motions end their ends in view, 
With all the comets which in ether ſtray, 

Yet conſtant to their time and to their way, 
Would not this view convincing marks impart 
Of perfect wiſdom ard CON att. 
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Miſcellaneous Articles. 


Ot laing GOLD upon white Earthen-ware, 


T japanners gold ſize of the beſt ſort one 
ounce, which keep in a bottle well corked; 

the ſame quantity of oil of turpentine, and a 
| book of leaf gold; then with two or three camel ' 
hair pencils, you will be ready: for the work. All 
theſe materials may be had at any 3 colour 


ſhop, 


B ng 
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y thus provided with every thing neceſſary, 
proceed to work after the following manner: 


ſt. Pour out of the gold ſlze bottle, Aout 1 
ſmall tea ſpoon full into a ſhell, or cup, then with 
the pencil lay the ground of your deſign upon the 
pot; but obſerve to keep moiſtening the gold ſize 
gradually with the pencil, out of the turpentine 
bottle, for being expoſed to the open air, it ſoon 


grows too thick for uſe. A very little experience 
will make it quite eaſy to be underſtood. When 


the ground is laid according to the deſign, ſet the 
pot in a clean place to dry Ieiſurely for the ſpace 
of one hour, then place it as near the fire as you 
can but juſt bear your hand for about four ſeconds 
of time. In this ſituation let it remain, until by 
pteſſing your fing er upon the round, and then 
taking it fuddenly off, it will give a ring, then 

lay the gold on, (as directed below) and it will 
look like burniſhed gold, then with the ſize touch 
the places you would haye ſhadowed, and it is 
ready to be baked in an oven for two hours, after 
which it will bear e and continue bright 


many years. 


This experiment will alſo ſucceed very well 
upon glaſſes, which have figures or ornaments of 
any kind ground upon them, ſuch as pints, and 
half pints, ſmall wine glaſſes, &c. The proceſs of 
laying on the ſize, and gold, is the ſame as for 
pots, only obſerve, when you lay the gold on, 
not to preſs too hard for fear of breaking the 
glaſs, which I have ſometimes done before I was 


well IO with the eg it would 1 * 
or 


by == % TP 
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| for it is exceeding tender when it is ground deep. 


Alſo obſerve, when you lay the ſize on, that you . 
don't daub it upon the poliſhed ſurface of the 
glaſs; for if you do, the work will not look 


neat. If the glaſs have a bad figure ground upon it, 


it will be impoſſible for you to make any amend- 


ment to it; Be very careful to lay the ſize on 


evenly, after which, put the glaſs in a tin oven 

before the fire, till by touching the ſize with 
your finger, and ſuddenly taking it off again, the 
veſſel will ring as before mentioned, and then it is 
ready for laying on the gold; in doing which, I 
have tried ſeveral methods, but ſhall only mention 


one or two, and leave it in your choice to follow 


which you like, or make further improve: 


ment. 


Att. 13 biink of gold, Sad laid it on the | 
table, then carefully took from the book one 
of the leaves of paper, and rubbed one fide of 
it upon my forehead, which gave it ſuch a clam 
my moiſture, that when I laid it upon the leaf of 
gold in the book, and gently ſtroked it over, it 
immediately adhered to it, ſo that I could cut the 
gold along with the paper into as narrow ſhreads 
as I pleaſed: for the ſtalks of flowers, &c. like- 
wiſe into ſquares of every dimenſion wanted ; 

then took ſuch a piece as ſuited me, and laid it 
upon the ſize, (it being in proper order) and gave 


it a gentle preſſure with my finger, in order to 


faſten it, until ſuch time as I threw the paper 


away, and gathered up a piece of cotton wool, 


vith which I preſſed it all over, continuing the 
_ operations until the whole was completed, 
5 ä then 


| thenwipedof the ee and ſhadow. 
ad the ornaments in their proper places, pu 
parry g bake two or three bouts 
| it was finiſhed, 


ii followed the above method me tunes but 

experience ſoon convinced me, that the ſace of 
the gold had not that ig” luſtre which'it ought 
to have had; therefore, 1 | procured a cuſhion, 
and with a knife cyt: the gold to the dimenſions 
wanted, and with a piece of cotton wool, took it 


from off the cuſhion, and laid it on the Sana 


this ſucceeded to my ſatisfaction. 


To lay MEZZOTINTO Prints upon Glaſs, 


PROVIDE a clear plate of glaſs, as ſtraight as 
poſſible, the ſame ſize of the picture, then ſteep 
the print flat way in warm water about an hour, 


more or leſs, according to the fubftance thereof; 
then, with a thin knife, ſpread Venice turpentine | 


exceeding thin and even all over one ſide of the 
_ glaſs, which muft be kept warm, that the turpen- 
tine may ſpread the better. Dal, it with your 
fingers, that there may not be the leaft ſpeck of 
the glaſs uncoyered with the tyrpentine. Then 
take the. print out of the water, and lay it on a 
ſmooth table, between ſeveral folds of paper, te to 
take out the ſuperfluous water. When this is 
fone, lay the print upon the glaſt by degrees, be- 
ginning at one end, and ſtroke outward that part 
_ is faftened to the glaſs, that po wind or wa- 

may lis betwixt, as it will caufe bliſters, which 
5 muſt be careful to ſtroke out. If it ſhould ſs 


happen 


"ul 


— r nh . 2 Ss . 
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happen that you have not laid the print even upon 
the glaſs, warm the fare · ſide before the fire, and it 
will ſo ſoften the turpentine, chat it amy, with 
care, be taken off immediately, not ſuffering the 
print to dry. Being laid upon the glaſs in the 
moſt exact manner; now proceed to rub it witty 
your finger, in order to rub off all the'thicknefs'of 
the paper, which will come off in little rolls, tl! 
nothing of it is left upon the glaſs, but a little film, 
like a ſpider's web, that is faſt ſtuck to the glaſs 
by the turpentine; great care muſt. be taken ii 
rubbing, that no holes are made in the print, ef- 
pecially in the lights, which are the moſt tender 
parts. If the picture be large, ſo that ſome parts 
of the paper become dry, while rubbing the other, 
you ſhould, with a little water on your finget, wet 
them as you ſee occaſion, to keep them moiſt, for | 
the paper will not rub when dry. When you have 
peeled it all over, till it appears tranſparent on 
the back ſide, then ſet it up to dry for three or 
four hours: after which, varniſh it over with tur- 
pentine or maſtic varniſh, two of three times, or 
till you ſee it tranſparent, and after it has ſtood 
a day or two n chen proceed to pain it. 


of COLOURS uſed in theſe prints. 


THE painting of mezzotinto prints, is per- 
e e colours, either opaque, or tranſparent. 
The tranſparent colours are chiefly carmine, fine 
lake, brown, pink, fine ſmelt, diſtilled verdi- 


greaſe, and ultramarine. 


The opaque colours are flake white, 3 or 
Pprch pink, light and broyn red, are only yel- 
low 
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low and brown -oaker burnt; Indian terravert, 


Wory black, vermilion, blue bice, ee . 
en pale red orpiment. 3 | 


All cranſparent colours muſt be td: with 


nut oil; opaque colours with gum. water, ſome 
with gold lize, and others with Unſeed' oil, and 


drying oil, 


Theſe are 1 Be rk uſeful in | painting, with 
which you may exactly imitate any colour whatſo- 


ever, Li different: Ways 128 methods of * | 


'To waſh any POWDER very | fine, | | 


Y ou muſt have four or five large wine 


5 glaſſes by vou, and 'two- or three quarts of 
clear water. Fill pne of your glaſſes with it, 
and put in half an ounce of the colour you 
- intend to waſh, ſtir it well about with a knife, 
and permit it to ſtand about ten ſeconds of time, 
in order to let the gritty parts ſettle to the bot- 
tom before you pour it intd another glaſs, which, 

Jet remain until the next day, when it will be quite 
ſettled, then pour off the water, and the powder 


will be left very fine, which ay, and ze it VR 


for ule. 


70 make the beſt arying 0 | L. 


MIX a little letharge of gold, with linſeed oil, 
boil it for a conſiderable time; if you would have 


2h ir ſtronger, . continue boiling it, but not too 


much, 


JT =, Seed — = 


e. A. Þ 
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much, leſt it hould prove ver os and be un 
men | 4 7 


To make TURPENTINE VARNISH 
for three pints. 7 


PUT "cis vince f Venice turpentine in 
an earthen pot, place it over a fire, and whenit is 
diſſolved, add to it two ounces of oil of turpen- 
tine; as ſoon as they boil, take off the pot, and | 
when the min is cool, keep it in a glaſs 
bottle. 


This and all other 3 ought to be 
ſtopped cloſe up, and well ſecured from the air. 


With this you may varniſh prints on glaſs or other 


things, to render them tranſparent : if the varniſh 
ſhould be too thick, you may thin it with the ad- 
dition of a little oil of turpentine, This 1s what 


is ſold for fine n 


To make che beſt MAS TIC VARNISH 
for theſe prints. 


TAKE two. ounces of the cleareſt gum 
maſtic you can pick, powder it finely, and put it 


in a bottle with ſix ounces of oil of turpentine, 
ſtop the bottle cloſe, and ſhake them well toge- 


ther till they are well incorporated. Then hang 
the bottle in a veſſel of boiling water for half an 
hour, in which. ſpace of time take it out three or 
four times to ſhake it. If you would have it 
ſtronger, let it boil a quarter of an hour more, 
and it will be fit for uſe, If it ſhould not 

| happen 


pe wth your . to mix and pro- 
pare the colours, varniſhes, &c. yourſelf, they 
may be had ready for uſe at the colour * in 


any quantity. 3 
How e6-Silver . 


etely forward, you muſt 
ning articles ä 


IN ordet to go compl 
be prepared with the f 


rt. A ſquare tharble Neg, or tinovth fone, wel 
liſhed, and groundexceeding true, the larger the 
tter, with · a frame round it, or a grove cut in its 
edges, to keep the fuperfluous mercury from 
running off, 2d. Lead weights covered with 
cloth, to keep them from ſcratching the glaſs, they 
_ myſt be of a conical figure, from 1 pound to 
12 pounds each, according to the fize of the 
glaſs which is laid down. 3d. Rolls of tinfoil of 
different ſizes. 4th. Mercury or quickfilyer, 
with which you muſt be well prepared, then pro- 
ceed as follows: | 


iſt. Cut your tinfoil a little 1 than your 
glaſs: every way, and lay it flat upon the ſtone, 
and: with a ſtraight piece of hard wood, about 
three inches long, ftroke it every way, that 
there: be no creaſes nor wrinkles in it, then drop z 
little mercury upon it, and with a piece of cotton 
- wool ſpread it all over the foil,, ſo that every part 
3 touched with the metcury. (Now here 
obſerve, that the marble. flab be nearly level 
with. the horizon) then. pour on the mercury all 

N and cover it with a fine paper, and 
lay 


bello Aries. 
by one weights very ner its loweſt end or ſide 
for your glaſs to be ſteady'd, by, while you draw 
the paper from betwixt the ſilvered foil and the 
glass, which muſt be laid upon the paper ; and as 
you dram the paper, you muſt take care that no 
air bubbles be left; for they will always appear if 
left in at the firſt; you muſt likewiſe be ſure to 
make the glaſs as clean as poſfible on the fide i in- 
tended to be ſilvered, and have the paper alſo, quite 
clean, otherwiſe when you. have drawn the paper 
from under it, there will be dull white ede 
Appear, which ml be very diſagreeqhle. | 


Aſter the paper is drawn out, you muſt lacs th 
many weights upon the glaſs as you conveniently 
can, in order to preſs the ſuperfluous mercury out 
of the foil, and make it adhereto the glaſs. When 
it has lain fix or ſeven hours in this ſituation, raiſe | 
the ſtone about two or three inches at its higheſt 
end, that as much of the mercury may run off ag 
poſſible, then let it remain one day at leaſt, but 
two days is much better before you venture to take 

but before you take the weights off, gently 

| * Gf urge the glaſs, that #248 mer- 
cury adhering to them; then take it up; and turn it 
1 over with its face. ſide downward, and raiſe 
it by little and little, that the mercury may not 
drip off too ſuddenly ; for if when juſt taken up it 
de ſet on its edge, air will get in between the foil 
and the glaſs at the top, as the 1 Jen deſcends at 
the —.— by which means, if you be not ex- 
ceeding ca e ee 
_ Hitle practice, with ftriftly obſerving the above 
* 3 young r N 
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fue this pleaſing Og with pleaſure And 
Profit. | 


I would adviſe at the firſt, to ani with ſmall 
glaſſes, and ſo proceed to larger ones by degrees. 


To foilate GLASS GLOBES, 


| TAKE half an ounce of clean lead, and melt 
it with an equal weight of pure ting then im- 
mediately add half an ounce of biſmuth, and care- 
fully ſkim'off the droſs, then remove the lead from 
the fire, and before the mixture grows cold,. add 


five ounces of mercury, and ſtir the whole well 


together; then put the fluid amalgam i into a a clean 
glaſs, and it is then fit for uſe. | 


How to be applied. When this an is uſed - 


for foiling or ſilvering, let it firſt be ſtrained through 
a linen rag: then gently pour ſome ounces thereof 
Into the globe intended to be foiled. The mixture 


fhould be poured into the glaſs, by means of a 


glaſs or paper funnel, reaching almoſt to'the bot- 
tom ofthe glaſs, to prevent its ſplaſhing to the ſides, 
then dexterouſly inclining (though very ſlowly) 
the glaſs every way, in order to faſten the 
foil, When this is once done, let the glaſs reft 
ſome hours; then repeat the operation till at 
length the fluid maſs is evenly ſpread and fixed 
over the whole internal furface; as it may be 
known to be by viewing the glaſs againſt the 
light; and then the ſuperfluous amalgam may be 
poured out, and the ourſide of the gl aſs e 
and the * is ended. 


In 


m 2 6 e. 


. 
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In this manner are made thoſe ſhining: ſpherical 

glaſſes, appearing like glaſſes filled with quick- 

filver, which we ſee hung up in parlours, near the 

ceiling, to invite the flies in ſummer from the 

windows, and other parts of the'room where they 
might prove more offenſive. | 


The operator has conſiderable advantages, as 
being performable in cold; and is not attended 
with dangers of poiſoneus fumes from arſnic, or 
other unwholeſome matters uſually employed for 
this purpoſe, and how far it is applicable to the 
more commodious foiling of the common looking 
glaſſes and other ſpeculums, may deſerve to be 
conſidered : I have-tried it on ſeveral 1 
furfaces, and it has anſwered exceeding well. 


. How to filver the convex fide of MENISCUS 


GLASSES, 


TAKE an earthen plate, on'which pour ſome 
prepared plaſter of Paris, mixed with water, of 4 
due conſiſtence; then immediately before it grows 
too ſtiff, lay your meniſcus with its convex ſide 
downward, in the middle of the plate, and preſs 
it until it lies quite cloſe to the plaſter, in which 
ſituation let it remain, until the plaſter become 
quite dry; after which, work a groove with your 
finger round the outſide of the meniſcus, in order 
to let the ſuperfluous mercury reſt upon it; then 
cut the tinfoil to a proper ſize, and preſs it with 


the meniſcus into the plaſter mould, in order ta 


to make it lie cloſe; after which, cover it with the 


mercury; and without a paper ſlide it over the 
| C 2 ſilvered 


fwer your: ererbten | 


After this method, common window ers We. 


may be „ 


To lay Paper PRINTS 06 . 


i GLASS GLOBES. 


FIRST cut eff all the white part, fo that no- 
thing be ſeen but. the print; then prepare ſome 
ſtrong gum arabic water, with which you mult 
| bruſh-over the face fide, after which put it into the 
glaſs, and with a long ſmall ſtirk, on which n 
camel hair pencil is fixed, ſtick it evenly on, by 
this method you may put what quantity of pic- 
' tures you pleaſe into the globe let them dry 
about twelve hours, then pour ſame prepared 
| plaſter of Paris, either white or tinged, whatever 
colour you pleaſe, and turn the globe-eaſily about, 


ſo that every part be covered, then the ſuperfluous 


plaſter may W out, and it is finſhed, 


How'to'make Impreſſions: from 'MEDALS, Kc. 


in PLASTER of PARIS. 


AFTER 'having oiled the ſurface of te 
mould, medal, or caſt, whether in ſulphur, wax, 


metal, ivory, ſtone, horn, or wood, -gently with a 
little cotton, and oil of oliyes, put a hoop of pa- 


r round it, exactly to the thickneſs you would 
chooſe your impreſſion to be made; then take ſome 


prepared | 


_ fvered foil; | then Phick u Gent u d, © PT 
FFF | 


56 as Stroh. »%. « i. "a --&. My wwe 


it 


VV 
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time uſed, and ſome clean water to the conſiſtente 
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prepated! kae ef Paris in a tea cup or e 
according to the quantity wanted to be at thut 


of a very thick cream, and with a bruſh rub it 
pver the furface of the mould, and immedi- 
ately afterwards make it to-a ſufficient thickneſs. 

The rubbing the furface-entirely preyents any air 
holes from appearingon the impreſſion. Then let it 
ſtand about half an hour, and it will in chat time 
grow ſo hard, that you may very ſafely take it off; 
then pair it ſmooth on the back, and neatly round 
the edges, and it is either fit for ornament or uſe; 
it ſhould be dried if in cold or damp weather be- 
fore a briſk fire, In this operation, when you have 
made the impreſſions to a proper thickneſs, you 
ſhould, while they are in the moulds, ſprinkle them 
with ſorne of the powder, which makes them conſi- 
derable harder, and dry ſooner: for you muſt never 


mix P 


immediately want, becauſe it will be apt to 
thicken too ſoon, and ſo the ſuperfluous quantity 


is entirely loſt; for adding water to it in that ſtate 


to thin it, will To” prevent it from ever ſetting 


— it ſo as to take BRIMSTONE 
08 WAX from it. 


WHEN your impreſſion mould, . is quite dry, | 


dip it in the following mixture, viz 


Half a pint of beſt clear boiled linſeed ail, one 


| ounce of ſpirit of turpentine, mix them together 
in a bottle, ahd-when-you wum to we it, Pour it | 


into 
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into a plate or ſaucer, and dip the ſurface only into 
It, take-jt out again, and when it has ſucked up 
the dil, dip it again; repeat this till the oil Re 
to ſtagnate upon it, which if it does, for an hour, 
it will be better: you muſt then take a little cotton 
wool, hard rolled up, to prevent the ooze from 
ſticking to it, and wipe it carefully off; lay it in a 
dry place for a day or two, (and if longer the bet 
ter) and it will acquire a very hard Turface from 
the effect of the oil, and when wanted for uſe, it 


mmuſt be oiled with oil of ales! in the ſame manner 


As Serve, 


How to caſt BRIMSTONE, in imitation 
of COPPER. | 


TAKE FIR ſtone brimſtone, and melt it in 
an iron ladle over the fire, till it flames, which let 


it do for about five or ſix minutes, then take it off, 


and with a piece of board, choak it out, and 
when it has got ſo cool, as not to feel like glue, or 
run ropy, it is proper for uſe ; you may pour it in- 
to your mould, let it ſtand five or ſix minutes, and 

you may take it off; pair it as before, and rub it 
over the ſurface of the impreſſion with ſome cot- 


ton, and beſt powder of black lead, which gives it 


a very fine metalic glofs. 


How to make SULPHUR RED or 
REE N. 


TAKE two ounces of beſt clean ſtone brim- 


ſtone, and melt it ſlowly over a gentle fire, without 
; _ 
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tetting it flame, and when it is all melted, add to it 
one ounce of beſt vermilion, ſtir them well toge- 
ther, then pour it over the ſurface of your mould, 


and immediately pour it off again, and make it to 
a proper thickneſs with common brimſtone.., 


Let it ſtand the ſame time as ; before, then pair 
it, and rub. it over the ſurface with ſome clean cot- 


ton, which will give it a fine poliſh. 


The more impreſſions you can make at once 
melting the better, becauſe the oftner it is melted, 


the brightneſs of the red fades. 


It may be made green by uſing it in the ſame 
manner, and by adding the ſame quantity of beſt 
ſmalt, inſtead of vermilion, only it requires more 
ſtirring to mix it properly. b 


How to cat VIRGIN's WAX. 


TAKE two ounces of beſt white wax, half an 
ounce of gum maſtic, a quarter of an ounce of 
beſt flake white, put them together, and melt them 
ſlowly over the fire, and when all is melted; ſtir 
them well together; let it ſtand till it gets ſo cool 
as to ſtick to the edge of the pot, then pour it out, 
and it is fit for uſe : in this caſe the moulds or caſts 
ſhould be more oiled than in ſulphur or plaſter 
of Paris. 


Let it ſtand about ten minutes, 3 you may 
take it off; put it into a baſon of cold water for about 


half an wan which will make it very hard; then. 
take 


cake ſome good ſoap ſuds, and ruh it ever the 
ſurface gently with a ſpuhge; which will give it a 
gloſs equal to ivory; but you: muſt be very care- 


ful EN CO BRI aro changes 


the colour. , 
| t6 maybe ne ny venir bo mi 
res 


— 


. CLEAN MEDALS. 


IN taking fulphur moulds or cafts from Alper, | 


copper, or braſs, it changes the colour, bur-it is to 


be recovered by waſhing the medal with a bruſh; 


ſome ſoap ſuds ad. powder of ſalt armoniac. | 


To prepare PLASTER of PARIS, Þ as: to 
take Plaſter Impreſſions from it, 


Vs melted bees wax, roſin, and tallow, in- 
ſtead of the linſeed oil, but this mixture is too 
thick to be applied to ſmall impreſſions, for it will 
take off the ſharpneſs of your moulds, fo it is 


chiefly uſed n moulds of buſto's or Fall. 


figures. 


To ae the PLASTER. 


II is beſt to chooſe plaſter in ſtone, che ineſ 
and cleareſt parts only, for if you have it in 
powder, it is not to be depended on ſo well. Alſo 
ke grear cave hat ir may; de u nen, 


— 
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uſe. 
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a fine tiffainy; tien it may be laid up in 4 box for 


of a he. PLASTER 


PLASTER of. Paris zany bb Und whit 
ſeveral colours when you ate caſting; by mixing it 
with Pruſſian blue; ted lead; orpement; Ke. with | 
hich you may compoſe a blue, red, yellow, 


and green: and it has à very good effect when 


the raiſed part is white, red; &c: and the ground of 
another colour. But it is to be obſerved, that the 
coloured impteſſions takes a longer time in be- 
coming hard, than when the plaſter is caſt by it- 
ſelf. But if you ſift as much plaſter upon the top 
of your eaſt (when it happens to be a flat figure), 
it will make it ſet the ſooner, and it may be paired 
off again when thoroughly dried, 


Inſtructions for di lproremeit of Youth, in the 
Es Ar of DRAWING. 


AS the att of drawing is not only an in- 
nocent, and uſeful amuſement for youth; but a 
qualification highly expedient, if not abſolute- 
ly neceſſary, and to render the ſtudy and prac- 


- tice of it eaſ and entertaining, will be eſteemed an 
acceptable ſervice to the public. 


Not that this, or 465 other book of the like na- 
ture (how correct ſoever), is a ſufficient guide of it- 
ſelf, F or this accompliſhment (like other arts), 

D | 


Cal. * 
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can never be re acquired without Fee 
and induſtry. | 


T he young er muſt be brou ght for- 
wards by proper gradations; the outlines of a figure 
muſt be his firſt care (as the platform muſt be firſt 
laid, before the building can be erected) and he 
muſt be content to copy parts of objects, before he 
indulges his curioſity too far, and makes the leaſt 
attempt at a finiſhed piece, but what he will find 
here carefully obſerved, will be the _ A 
he his future progreſs. | 


; | He muſt not be two hot, or eager alter new 
tranſitions from one plate to another, but muſt 
dwell upon each, and never. begin a ſecond, till 
he has in ſome meaſure made himſelf maſter of the 


He muſt further (if he is curious, and aims at 
any degree of perfection) be very ſlow in his firſt 
operations. Haſte ſeldom produces any thing: 
beautiful or correct; and ill habits, when once con- 
tracted, are the moſt difficult gs! in nature to be 
removed. | 1 3 


He cannot look too often on his originals ; and 
the length, breadth, and ſimilitude of each object 
before him, will require his utmoſt attention and 
| obſervance. And when once he is able, by care 
and application, to touch up a piece with any to- 
lerable beauty, practice in a ſhort time will make 
him expeditious, and render his labours advanta- 

geous and delightful. \ 
| 5 5 | Implements, 
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ice | 
| Jeplements, or Utenſils amiſs * che Praftice | 
is of this Ax, 

r- — 

15 Paper. Brown, white, blue. 

he Portfolio 7 portereons, oh compaſſes, 2 

he coal, black- lead pencils, hair pencils, ee pen- SY 

ut knives, feathers, pens, Indian ink, | 

id 

n Chalk. - Red, black, white. „ ban 

Charebals are to be choſen of fallow-wood Fo 

* into the form of pencils, and ſharpened to a point, 

ſt being — Rowe by their 1 in che R 

a Its uſe is to 3 lightly che draught 01 over at firſt, 1 
that if any be drawn e! it = be 1 out 9 
6 THI BS] 


The Gackors . to be of a duck's wing 
(chough others may ſerve well enough), with which 
you may wipe out any ſtroak of the charcoal where 
it is drawn inne! leſt pr 6 of lines breed con- 


fuscaef t t 28 0 Ia t, f 11 
* 


6 


Black ber 10 lead pranily are to 0 over your 
draught the ſecond time more exactly, becauſe this 
will not wipe out with your hand, when you come. 


* Ae it orer with the {mers 
IJ 


1 55 15 of: raven quills 60509 0 others” 1 | 
ſetve), are to finiſh the work: but herein you muſt. 
be very careful and exact, for what i is new done 
r chere i is no altering of. 
D 2 8 The 
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The rulers, which are of uſe to draw ſtraight or 
perpendicular lines, triangles, ſquares, or polygons, 
which you are to uſe in the beginning, till prac- 
tice and experience may render them needleſs. - 


4 


Compafles, with ſteel points, to take in and out, 
that you may uſe black or red lead at pleaſure, 


＋ heir uſe is firſt to meaſure (by help of a ſcale 


of equal parts upon the edge of your ruler), your 
proportions, and whether your work is exact which 


is done with the charcoal. Secondly, to draw. 7 
cles, ovals, and arches withal, 


of the Precepts of DRAWING in 


general. 


B E fam to have all the decefligies; aforeſaid i in 
readineſs, but it will be good to practice as much 
as may be without the help of your rule and com- 


— it is your ape and "10H that ought to, Judge. 


Then firſt Wa with h plain atk 33 


as lines, angles, triangles, quadrangles; polygons, 
arches, circles, ovals, cones, cylinders and the 
like. For thele are the faunilengns ad TO 


portions, 


 Thecircle helps i in al blocker forms, 1 as 
ſun, moon, &e, the oval in giving a juſt proportion 


to the face and mouth, the mouth! of a pot ref 


the foot of a, glals, &c. the ſquare confines the 
fure 790 are to copy, &, * wiangle! in e 


ace 5 


ts Aw  {, AS 


. 


Or 


P 


face; the polygen in ground: plats, fortifications, 


and the like; angles and arches in perſpectiye: the 


cone in ſpires, tops of towers and ſteeples: the cy- 


. ee, pillars, ? WEIR ang chair orna-" 


enn 


Hs made your hand Srand neadyin moſt ge- 


neral proportions, then learn to give every object its 
due ſhade according to its convexity or concayity, 
and to elevate or depreſs the ſame, as the object ap- 
pears either nearer or farther off the light, which! is 


indoed the life of the work. 
The ſecond practice of drawing conſiſts in forme 


ing fruits, as apples, pears, cherries, peaches, grapes, 


ſtrawberries, &c. with their leaves: the imitation 
of flowers, as roſes, tulips, carnations, &c. herbs, 


as roſemary, thyme, hyſop, &c, Tory 5 the oak, 


agree Doing lag 


The third practice of W imitates, I, 


Beaſts, lion, horſe, elephant, leopard, dog, &c. 


2. Fowls, as the eagle, fan, parrot, partrdge, 
(dre, nen dec. 7 : 


3. Biber 6s the Vile herring, pike, carp, lob- 
ſter, crab, &c. of which 0 of Prints: may be 


bought enable dates. 
The, Wb eis ö imitates ales man 


| Nitd.alb ics Gneaments, che lewd, noſe, eyes, cars, 


checke, e ee all enactiy pro- 
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Portionable 
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portionable both to the whole, and one to another, 
as well to firuation as magnitpde.” | 


The fifth] praxis i in drape imicatiniy Wick 

ing, and artificially ſetting pery th 

ings, habit and ornaments of the body, as cloth, 
tuff, filk and linen, their natural and proper folds; 

which although it may feem fomething hard to do, 


yet by much exerciſe and imitation of the choiceſt 
e will become _ 2 


8 drawing « all the. PAYS 4 uber 
ever elſe, you muſt be perfect, firſt in the exact 
proportions: ſecondly in the general or outward 
lines before you fall to I or timing 
Wa work: within. | 


115 hep and uncertain 4 0 . ind 
ſquare will do no good (but only'the idea thereof 
in your own fancy) as in lions, horſes, and the like; 
you muſt work by reaſon in your own judgment, 
and ſo obtain the true 9 by — N 

4 ws, 


1 


3 he and of the thing is in e mind, | 


firſt draw it rudely with your coal, then more ex- 
actly with your lead- pencil; then peruſe it well, 
and conſider where you have erred, and mend it, 
according to that idea, which you carry in your 
mind; this done, view it again, correcting by de- 
grees the other parts, even to the leaſt jot, ſo fir as 


your judgment will inform you; having done what” 
you can, confer it with ſome excellent pattern or 


ou of the like kind, uſing no rule or _— at 
ut 


e outward cover. 


ft A 8 I, 0 o& 5 


9 mr 


S 
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but your own reaſon, in mending every fault, giv- 
ing every thing its due place, and juſt proportion; 
by this means you may rectify all your errors, and 


| ſtep an incredible way on to perfection. 


Having then good patterns and copies to draw 
by, the young artiſt muſt learn to reduce them 
to other proportions either greater or ſmaller, 
and this by often and many trials (as ſhall 
be taught hereafter more particularly), this re- 


quires great. judgment, for in a cut, you ſhall find 


neither circumſcribing ſtrokes, nor difference be-, 
tween light and light, or ſhadow and ſhadow ; 
therefore, ſerious obſervations are required in the, 
ſituation of thoſe things, whether coming for-- 
wards or going backwards. 


d k 
25 1 <7 1 


The drawing 5 liſte dk done by ſkilful 
maſters, as the Gladiator and children of Franciſco, 
the Rape of the Sabine Women, the Wraſtler, the 
Venus Greece, Hercules, Hermes, anatomical, 
diſſections, and other pieces of antiquity, are ne- 
ceſſary introductions to attain a perfection in draw- 


ing. 

This done, let the young artiſt now begin to 
exerciſe in drawing after the life (for that is the 
compleateſt, beſt, and moſt perfect copy, which 


nature has ſet for obſervation) wherein the liberty 
of imitation is preſented in the largeſt latitude; 


and this muſt be attained | by much MI and di- 
ligent exerciſe. EY TR 


In this pndice of drawing, let there be a per- 
ſection | 


s 


1 
{1 
1 
+} 
9 | 
| 


| 
! 
i 
= 
f 
| 


. 


| ſkeleton as it were, of the work. 


| whereunto your draught will tend, or run; an 


— — 
* 
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ſection attained, before ever there be the leaſt 
thoughts of colours or painting for all things be- 


longing to painting, will, in a [Hort _—_ be + mg 


ly and perſeRtly underſtood: | 


of particular Obſerviticns | in the A K. 415 of 
DRAWING. 


IN drawing after a print or picture, pot it in 
ſuch a light as that the gloſs of the colours hin- 
der not your ſight, ſo as that the light and your 
eye may equally obliquely fall upon your piece; 
which place at ſuch a diſtance, that at opening 
your eyes, you may view it all at once; the greater 
your picture is, the further off you muſt place it to 
draw after : which you muſt always be ſure to put 
before you a little reclining. 


Then obſerve the middle of your picture to be 
copied, which touch upon your paper with the point 
of your charcoal: obſerve Iikewiſe the moſt per- 


ſpicuous and uppermoſt figures (if more than one) 


which touch gently in their proper places, thus 
running over the whole draught, you will ſee the 


But 7 5 you go on without theſe conſiderations 


having ended your work, you will be forced to 
draw the ſame many times over; and, it may be, 


eyery time to as little purpoſe, if you be not ex- 
ceeding careful, by which means your ingenuity 


may be dulled, and you decline all further pro- 


| =. | 0 
* Be 


— —— BIA — —— — f. 


D in ©) HM» &a 
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iN 
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1 ſecure af = right and true dranght, though 


two or three hours, it will be better to beſtow two 
or three days upon: by this means (though you act 
leifepely, yet you will ucb phidently; and) you will 
both: ſooner and better than can e e of 


firſt leſſon, in wet 4 branches, before he at- 
. 


| e hi 
3 A e ee LIEN 
na @ whit will arfer dy his meme be * 
likely to attain; whereas by procetdirig gradually 
from one leſſon to another in the order they here 
ſtand, che rules vill be ſound much more cafy and 
practicable, and conſequently * 1 W 


E 


ot Failaatio and Geng | 


pin your vtiginat with @ palt mey 

paſſex into any number of ſqoures, and rule them 

vVeroſe wich a black- lead l from lde 5 Hae, 
and from top to bottom. 5 i, 


N rene 


* 
o * 


© * 
— 


# you th it dowly; what you think may be dune iu 


ere of what you defire * 
1 e (1 b 31 60, 63] Te vi 2 9. 

2 -2) 4 4 1671 8111 rio 10 « UG... 41; vin 
"hi } Barke Ne TEN 0 
ee 3 regard 
e 18 here pan deſired to 
abr gta thoroughly in the practice of the 


Sy | bf 


. 
- 
- 
. —  — __— — 
> . —_ 


- 
— — — —— 
— = 


1 
. 
- 0 ; 
© = "> 
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= 
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- divideir; into the ſame number of ſquares; eicher 


; bigger nee, eee OS, or ie 


rs FLIES Tay 95-0 9d Th Abe 9 
Place Fe you, pay Ga 


| by ſquare. the ſeveral; parts; obſerving to make 
the part you are drawing fall into the ſame part 


of the ſquares, as it does in your original. To 


prevent miſtakes, number the ſquares both of the 
origin and copy, as is fig. I and I. of plate J. 


Ten evietthe if c ith lochen TAK; 1b Chf che 
marks e e and ſhade” it at 


1 aſu 31124 1208 2 [4H i. "1 2442.9 
Longs 400 I 156 74710 121 "i 
"Thong lis i. 40 vac wen yet it is no 
mch E 224 and i is of greut help, to the Painters 
in'gen "TT fg) 


ts Bene 4! Fal. ** RIU i 0 EMT =} 17. 7156 
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omega 
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FIRST endeavour to Eulen eee or 


upright ſtrokes, and then horizontal or parallel 
lines, but without the ruler, and if 3 
taken, few examples this fort will do. When 


vou can do this well, proceed to the curved and 


twining lines, obſerving carefully their different 
W 5 And when you can with eaſe per- 
form theſe, proceed to draw the outlines of the 
features of a human yes, as the eyes, noſe, 1 


now, min, 


„ ANN 


in plate Il. 


plas I, 
N. B. The! above mut be but faintly ſketched, 


ſo as to be eaſily rubbed down with bread, in or- 
5 e e e e Peer 1925 


* . » 4 — 4 
19237: 4 r » H * 3; 2 


rss tt. 


- 
ir > 
} 1 ite 


ot — and . 


er] 


HAVING. 8 maſter of the former, you. 
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and ears; and from chem to che e parts of 
the body, as (hi;armg.hapdy, gp, feet, &c, See 


may then, and. not before att ; the profile or ſide - 


face, being very careful to ob erve the proportion 
of the ſeveral parts ta each other; after this the 


full or oval face; obſerving ſtill the bearings of 
every, feature, with reſpect to the reſt, and keeping 


the proportions ag exact as poſſible. - Divide the 


eye ſeen in the front into three party; the center is 
the ſize of the fight, and the proper opening * the 


eye n 14; one. third of its leo. 


Ne i is half n the eye in 
front, having oo one part and an half. 


The noſe ſeen i in front i is in width the length of 


the eye; apd in profile has the ſame dimention. 


TW 


The noſtril i is in . one third of the width of 
the noſe. After proceeding with great care in the 
above, you me begin the oviline of the body, as 


Ez LESSON 


4 * 


# 
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of whole Figures, yri the bs Pore and Di 
Mt menſions of th 


T9778 


* 
4 "2 50 — * 2 [ 


Ir dn thorough Ak ANG and vali 
- acquainted with and can eaſily imitate the different 
features, and parts of the body, you may then begin 
 thefigurein the fbllowing manner: Sketch the whole 
very lighty with your pencil or charcoal, then ex- 
amine the proportion of the diſſcrent parts, rub- 
bing down with bread, and altering where er | 
lary; and when you haye brought it us near 3s poſ- 
- fible to your ori , proveed to finith the figure 
with the crow-quill pe pes in Th WH eginnin; 
With the 77 * next the ſhoulders, the body, 
after which the ars inf? Hands, then the a | 


legs and feet, taking care to carre#t in the finihin 
any errors in the pencil-fkerch, the remarns o 
which will be'ealily rabyeff ut 10 bread. © 


N. B. Uſe ad tos ire 
inſpection with the eye, and then if the fault can- 
not be diſcovered; a proper application of them to 


copy and original will eee ode in m | 
e chis branch. 


The P rtions 3 meg of 3 buen 
112 Pris, of us Fears e | 


THE beſt checks of aſce theſe is to 
"WF a * on the er you intend : 


. 


74 CT ka . 50 


4 5 hy * 
eerst 


—— —-—-—- 
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| the mickile of the Gwe, ed, 


and from ſuch menſuration. form + ſcale, to reg = 


late the proper diſtances from any one part of the 
body 40 another: but as it has been more common ty 


divide the figure into ten parts, here is given un 
example of both of with the follows 


theſe, together 
ing rules WCF 
And firſt o | 


bana l into . 
Heads, Se Plate III.. 


| THE length of the head (or fix diviſion ef the 
np progres Areas 
F 7 1 1 


e the ſecond di vin will di 
les croſs the pers vf the breaſts. 


\" Thethird Cyilion will fall juſt oyer the navel, 


- The fourth acroſs apron cot exatly the 
n, | 


The fifth eroſſesthe wache or che thigh, 
The' fixch i jult below ther bend of the he. 


The fra Gl a le below th calf of the 


| The eight execs th bene of the heel, 


| Pblerve alſo that yhenthe arms are extended at 
De 5-3: full 
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full length in. a direct line: the full extent from tho 
end of the middle finger of the right hand to that 
of the left is exactly the length of thefigure;'from 
the middle of the collar bone to the end of the 
middle finger meaſuring juſt four heads, viz. The 
firſt to the bend of the ſhoulder, the ſ to the . 
elbow, the third nns 505 | 


fingers end, 


From ſhoulder to ſhoulder in a man of common 
fize, meaſure exactly two heads; there can be ng 
preciſe ſtandard for the breadth of the limbs, which 
vary according to the bulk of, me end, wy me 
movement vo ws muſcles. 


.- * | 4 — 4 
Nt; 1 | 4 * ro” 7 3 


The Proportion of a Figure divided ints Ten 
Ps; ee an 5607 


A . * 
{4 


THE firſt of theſe diviſions extends den be BY 
crown Wt the head to the under . 


e i . ee 
line drawn through this part of the RA will $0 
over the middle of the ſhoulders. { FBI | 


The third diviſion will make #line wy beſo: the 
Paps of the breaſt, 


*, 


The fourth wil reach jut 5 the 3 


The fifth, which is the middle of the ue di- 
FORM acroſs the Fuer, 8 . 


me 
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The ſixth ee over bee ny the 
ahh; Wer 
The fremd o the bend of the le. 


it O93 4} 


The ache are through the"calves' a the | 


- 


| The biich ich half way | ; GU us bal. to he 
bottom of the heel, which Ae the tenth 
and laft diviſion of the figure 5 


As the 150 will find the an roles of i in- 
finite advantage, it would be again nec eſſary, to ad- 
viſe him to make due application, till it become 
ſtrongly impreſſed on his mind, and they will ena · 
ble him to jũdge of the produAtions of nature in 
the formation of the human body, and to compare 
the different antique ſtatues in drawing from the 
life: but care muſt be taken that too ſtrict an ob- 
ſervance of the preceding dimenſions may not de- 
ſtroy that variety of compoſitions fo: abſolutely 
neceſſary; nor will the preſervation. of the ſame 

proportion be always allowed in the ſubject, which 
the ingenious Mr. Hogarth in his chapter of pro- 
portion very judiciouſly; remarks in his obſervations 
upon the celebrated ſtatue of the Apollo Belvidere 
in the following words 2 May be L cannot throw 
a ſtronger light on what has been aid hitherto of 
than by animadverting on a remark- 

able beauty in the Apollo Belvidere, which hath 
given it the preference even to the Antinous; I 
mean à ſupers addition of the greatneſs to at leaſt , 


32 MISCELEANESUS/ Anion. 
Kaen er and raw 3's b de 


2715 $M e 
Fn, farkes 8 at] ae 

ther theſe two maſter-pieces of art, where in view- 

ing the Antinous the {peta 

ration; the Apollo 


of ſomething more than human, nich He 
of courſe always fo Por e A 
| fect of this is they ſay che mate aſtoniſhing, 


n examination is TOO ach — 


n MM 15 


* . 0 
Ts [f : s £ 


e «he Ede of b, 


nn is 1 ape 2 
the human body 


but no mate is needful ti paint · 
ee eee rn media) {ven 
ITN 

; | et1 1 2 18/1 1 


For the ſolidiry ef che body, . of the 


thin, nature (like a wife mother) has furniſhed 
us with bones, to which ſhe has ſmed the muſcles, 
which are continually perſotming their exterior 
agency, in drawing e eee 


meaſures of length 
een bigneſs n the rakes. 


\ & #4 «a br 


ds wh 


Whine robe eee Fe! er. 6 


_ becauſe the dimenſions are often altered by motioo ; 


. G r 


travellers expreſs themſelves, with an appearance, 


„ 
n is { Bod dS or ms _. * 
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e of che magſeles, ſince D. ſtriking truth in de- 
2 1 f fil zĩvy 8er Y 1 watt 


help of kh Fo che SAS 
a be 0 


2 by their orig gins are 1 5 toab 155 

6 wi * Were Never. enden 93 10 a5 

e Fenin. high. M 

- when, they: pleaſe gorgrds. 97515 vgs, \ 52 

E | 5 

e wa * EE am” 
lars pageant 7 ; 231572634 1 

Wo 2 cs mueles, coper the "ar TRICE = 

5. ed with the great, 1 

8: e by" other 9090 85 which are d 

f x 51 Tame IO and thereby the force of ei 

4 tion is PETS and che Part made mare 3 P 5 

f E ad lo Hd dini. 165 


It is a enn neceffury Web Gould 
have forrie W in anatotmy, it being the 
fundamental part of 'defigti, and enables him to dif: 
cover the beauties bf the antique; it would therbs 
fore be neceſſiry to recommend the ſtudent to pay 
ſome attention to it, as ſo much of it as is tiebdfaby 


for Kasernen i very exkily erde. ; 7 an 


31 4 a nil 
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of, Darss glo 


*63 * * 2 


mende drawn the out ine of the figure.) you 


F want 
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- want to clothe, faintly with charcoal, whiſking'our b 
the faulty part with a handkerchief, tilł the figure ct 
TO in the attitude and Proportion of the origi- 
ſketch the out-line of. your, ry lightly, 
; with the ſeveral folds, : remembering t they muſt W 
not croſs each. other.” - Due regar "tuft likewiſe 
be paid to the quality of the drapery ; as ſtuffs and 2 
woollen cloth are more harfh than filk, which is al- fi 
ways flowing and eaſy. Remember that the dra- 
fry muſt not ſtick too cloſe to the body, but let 
t ſeem to flow cafy about it, and yet ippear ſo 
that the motion of the figure be free and natural, 
Be careful that the drapery ſuppoſed to be blown 
by a breeze of wind all flow, one way, and draw 
the parts next the body before thoſe which fly off, 
The garments muſt always bend with the figure, 
and if you make the drapery almoſt cloſe to the 
body Fas ſmaller muſt be the folds, and if quite 
cloſe there muſt be no folds, but only a faint ſha- 
dow, to repreſent the bend of that part of the bo- 
dy which it covers. We would adviſe the ſtudent 
- to take every opportunity of improvement in this 
uſeful branch, by remarking the folds as they ap- £ 
pear in the drapery. of gentlemen and ladies, ac- 
cording to their ſeveral poſitions, by this unerring 
rule of nature; and hereby the learner will greatly 
heighten his own ideas, and give a ſuperior excel- 
lence to his work. Here are given a few ſpeci- 
mens in the plates RO, 


* SM vo 


2 £1: Q&T 


Thus far may ſerve to give Pe” young drang. 
man a general idea of drapery, but that he may not 
be . a loſs in Fern 3 in this neceſſary 

1 0 branch 


MISCELLANEOUS ARTICEES.” 3; 
branch of the art, here ne mrs pen, 
cular inſtructions, viz. | 


1. Be careful to avoid gi your figure | 

with a fuperſiuiry of drapery. | 1 
2. Let as much of che ſorm of the abe 
ſible be ſhewn underneath j it... 


3, When the draperies are large, throw them 
into as many folds: as you can, and let theſe be large 
and nn TOS. | 


4. on the contrary, * thoſe which e are cloſe to 
the body and fhort, be looſened by ſmall folds ju- 
diciouly placed, vill be the means of avoiding that 
ſtiffneſs, which for want of this caution appears, 
when the drapery is made to ſit too ſtrait, and 
makes the figure ſeem as if wrapped round with a 
bandage, inſtead of being 2 . 


5. When, much drapery | is required, let the 
greater part (if poſſible) be thrown | into ſhadow. 


6. Obſerye chat the folds which fall in the light 
muſt have ſuch ſoft and tender ſhadows, as may 
make them fit hollow from the body, and not ſeem 
to girt too cloſcly to it. | 


7. Let the folds be properly n and 
avoid ſtrait lines as much as poſſible. 


8. A een repetition of folds in a circular 
F 2 form 


= | 
form greatly contribute wo dende. 2 ; 
3 ſhortened limb. . Fin! 


Wy In fixed attitudes ler the e e 
wiſe motionleſs (unleſs Expoſed | to ther air). Bur 


with great 
ated by the 


the drapery of figures movin iy, 


ſhowld ſeem to play as if 


i 


but in proper only to eber of the _ 


in motion. | 


T 


To ends" "this OY with one viſeful e en 


tion, viz. Let the pupil be careful how he ſtudies 
ſtatues, and remember that the beſt of them are 
_ memorials of thoſe great artiſts, whoſe lives 


were ſpent in endeayouring to expreſs their dwn 


idea of perſectibn, which varied according to the 
different taſte of each, and the nature of the ma- 
_ terials upon which they wrought © and ler it like- 
wiſe be temembered, that there is a ſtiffneſs which 


| ſhould be ſtudiouſly/ avoided)" in's"topy (even 
though a correct one) made after the fineſt ſtatue, 
which will never convey any idea but that of . 


ſtare, whereas there is fach-x freedom obſervable = 


in the imitations of nature, as evidently diſtinguiſhes 


them from thoſe taken r dom marble or 


Plaſter. 
L E 8 J 0 * | "3 
Ot Lrenr and Sans.” 
"HAVING outlined the folds, and the other 


parts of . you 7 next  areempt the ſha- 
dowing 


n r at p_ 


As 


3 
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eng r Dre ms 


FE with the peneit 6 or pen r ia 
which great care is required. Firſt obſerve from. 


which fide the light comes in, which if natural 


ought to be from the right or left; for when the 
light comes in the middle, it is called an artificial 
light, as proceeding from ſome artificial luminary, 
as a candle, lamp, &c, &c. Lay your ſhades ra- 
ther faint at firſt, {a that you may ado them 
at pleaſure. where neceſlary, 77290 


MODE; ca Ps peer BP tte 
ſame fide. of the figure, that is to ſay, if the right 
fide of the face be in ſhade, ſo muſt the ſame fide 
of the body, arm, leg, &c. Your ſhades mult be 
faint as they approach. the light, the ſtrength gra- 
dually decreaſing 8 the extremities, to Mer” F 


ben of a bad workman, 


A ſtump ru 4 Paper or NE rolled. 
hard and cut al int like a pencil is uſe- 
ful (if you ſhade dich OE as pencil, red chalk, or, 


_ crayons) to blend the ſhades, and ſoften them into 


each other, as alſo where they appear too ſtrong to 
weaken them with the aforeſaid roll. . By examin- 
ing nature you will improve your ideas in light 
and ſhade, as well as in out-lines, and be enabled 


to fotm 4 dene 2 of che e e 


drawing. 
N TY, T7 E , . 6 2 
1 - p ' 0 , 3 1 
A N. B 
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— 
* - 


36 MISCELLANEOUS! ARTICLES. 


N. B. The Indian ink may be prepared for a 
few different ſhades, by rubbing it more or leſs in 
water on a marble ſtone cut in hollows, for that 
purpoſe, 1 one of tho! Holloyy oth the 


water. wy 


Several Methods how to Footy a . Dakvonr | 
ie of r ee 0 


TAKE a ſheet of the; fineſt whine” paper 
you can get, and wet it all over with clean 
| linſeed oil on one fide, and wipe the oil off 
from it, as clean as you can, then let it ſtand 
and dry, otherwiſe it will ſpoil a printed picture bß 
the ſoaking thorough of the oil ; having thus pre- 
pared your paper, lay it on any printed or painted 
picture, and you may ſee perfectly thorough, and 
ſo with a black-lead pencil, -you may draw it over 
with eaſe, and after you have thus drawn the pic- 
ture on the oiled paper, put it upon a ſheet of clean 
white paper, and with a little pointed tracer, or 
burniſher, go over your ſtrokes which you drew 
upon the oiled paper, and you ſhall have the ſame 
very neatly, and Os uporithewhits Paper: | 


. I on 


5 yet 


- 


Avorurn Way. 


"HAVING drawn the picture, take the oiled 
paper, and pin it upon a ſheet of white paper, and 


Pros over the drawing with a pin, then take it 4 
| an 
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and lay the white paper upon the thing you would 
draw, and duſt it cover with charcoal duſti tied 
looſely'i in a rag, and it will: leave a true copy df 

your original; which you may touch up with 
2 pencil i; iche pricked paper will laſt on 
longer, and hkewiſe be more completezaf you var- 
niſh it, over and let it berperfetly: dry before you 
prick it. 


Aer War. 


"TAKE i piece & fine piper i above, and bruſh. 
it over 'with oil of pen it wall immediatel, 
make it tranſparent, and , ny. be uſed directiy, 
without loſs of time in drying, . | 


Ius. 5 1 


N. 1. 2 artes i lofes'i it TEL 


mul offs * rue Wav. 10 20 6171 T 


TAKE à ſheet of fine white paper, aid rub it 
all over, on one fide with black- "ae or: elſe with 
vermilion, - A with al freſh butter, and 
lay the coloured ſide upon a ſheet of white paper, 
then lay the ak you would copy out upon the 
other ſide of the coloured paper, and, with a ſmall 
pointed tracer, go over all the roses of your pic 
ture, and then you ſhall have your ſtrokes very pret- 
tily drawn on the white paper; if you lay the co 
Joured ye next to the e it will. 8 ty 


* 
7 TEE 


. 
, . 
As PTY” 


Avr WA v, * 


TAKE a piece of white lanthorn-horo, A lay 
it 


vid ink; dinerthe Rebles of-pout eee 
horn; and, hen it is dry, breathe mpon; the hon 
cwice or thrice, and preſs it hard on a piece of white 
. papera little wettęd, and ei piqtirt cu dri pn 
_the horn N- ſtick faſt upon . eee 


| n W 
| 211 51510 ifs 


ers, Wen 


: F LAY paper 2 bright aſp 
With che e e.of 5 1 4 2 


then lay a clean paper u upon che print, 
the out-ſtrokes 1 upon the 1 Paper, which 995 may . 
ſibly ſee, it being 8 . up againſt the light, and if 
22 will Haden it fn yd, mee 
pleaſe 


To make c „nge with which a Perſon may 
Vrite or e en Peg, Ink, or Fepeil: 


' TAKE, forne mix it with" lamb 
bid! ald a nato $i ye ohMiſtence of 2 ally, 
with water; with als bruſh over one fifle 0 your 
Paper, aid let it dry: hen 'ufe it, put it be 
tdween two ſheets of Ne Wi its lack fide 
_  Yownward, and, with a iy Of with a 
point, draw or write at you 1 E upon the 
clean papet: and where'the tracer has touched, chere 
will be the impreſſion upon che lower moft meet of 
paper, as if it had been written or drawn with a 18 


i1 dra 


N. B. It may be made of a any colour rby mixing 


| 8 TART. 
| The 
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The Method of Eren on Coyyen Pramas, 


/ 


ETCHING is a manner of engraving on 
copper, wherein the lines or ſtrokes, inſtead of be- 
ing cut with a tool or grayer, are eaten in with 
aqua-fortis. = 0 | a 


Etching has Kerl advantages over r graving, 
firſt, as being done with more eaſe and expedition; 
ſecondly, as requiring fewer inſtruments; and 
thirdly, as repreſenting curious kinds of ſubjects 
better and more agreeable to nature, as landſcapes, 
ruins, grounds, and ſmall, Hint, looſe, remote ob- 
jects, udiogy, &c. 


Of the proper Inſtruments, Materials, and Me- 
thod of preparing theſe Materials, uſed in 


ETCHING. 


THE principal inftruments for etching, are 
the etching-needles, the oil-ſtone, bruſh-pencils, 
the burniſher, the ſcraper, the compaſſes, the 
ruler, the tracer, and the frame and trough: the 
materials are the hard and ſoft wanna, n 
dil, and ee ats. 


The needles are to be choſe of ſeveral * of 
a fine grain, and ſuch as will break without bend- 
ing. Theſe are to be fixed in round ſticks, of 
firm wood, about fix inches in length, and of the 
tuckaeſs of a large 96 they are to ſtand 


- out 
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out of the fticks about a quarter of an inch, or 
ſomething better. Of theſe you ſhould have 
twenty at leaſt, which may be fixed in ſuch ſticks 
as to have a pencil at the other end, 


The aſe of the ol-ſtone is for ee the 
vi which, if you would have the points 
round, muſt be whetted ſhort upon the ſtone, by 
turning them round; and if you would have 
them ſloping, they are firſt to be blunted upon 
the oil-ſtone, and then whetted ſloping on one 
fide only, till they come to a a ſhort and Nenn | 
G 1 7 


The bruſh-pencil i is to cleanſe the work, 4. 
off duſt, and to ſtrike the colours even over the 
ground or . when laid upon the plate. 


The burniſher i is a well hank” ieee of ſteel, 
ſomewhat roundiſh at the end, for bea and 
giving a luſtre to the plate, &c. 


The ſcraper is one of the inſtruments fitted for 
clearing the plate of all deeper ſcratches or ſtrokes 
which the burniſher will not take away. 


The chief uſo of the a is in meaſiring 
diſtances, or ſtriking circles, or ſome part or por- 
tion of them, where you would ye your work to 


be exact. 


THe mier is uſed chiefly in drawing all the 
ftraight hatches or lines of the deſign upon the 


plate ; or to mark out diſtances upon. ſtraight 
lines. t The 


0 | 
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The tracer is uſed for drawing through all the 
outmoſt lines or circumferences of the print, pat- 
tern, or drawing, which is etching after. 


The frame is an entire board, about FA top and . 
ſides whereof is faſtened a ledge ro keep the aqua- 
fortis from running off from the ſides, when. it is 
poured on: the lower end of this board is to be 
placed in the trough, and to lean ſloping againſt 
ſomething, in which are to be placed pegs of 
wood to reſt the plate upon. 


The trough is made. of a jock of elm or. 
oak,. ſet upon four legs, the hollow whereof is 
to be four inches wide, and of ſuch a length as 
may be fit for uſe. The hollow mult be ſome- 
thing deeper in the middle than elſewhere, that 
the water running thither may fall through a hole 
(made there for that purpoſe) into an earthen pot 
well leaded. The inſide of this board and 
trough muſt be covered with a thick oil-colour 
to hinder the aqua-fortis from eating or rotting 
the board, 


To make the herd VarniSH for ETCHING. 


TAKE Burgundy pitch, five o ounces ; ele the 
ſame quantity; of nut- oil, four ounces; melt the 
pitch or roſin in an earthen pan over a ſlow fire; 
chen put in the oil, ard let them boil for the ſpace 
of half an hour: after this ſet it on a ſlower fire, 
and let it cool a little till it appear like a gluey 


ſyrop i ; 
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ſyrup : then cool it a little more; ſtrain it, and 


; when it is almoſt cold, put it into a glazed pot for 
uſe, This will keep 9 ſeveral years. 8 


To make che ſoft Vanvisk for ETCHING. 


TAK E virgin-wax three ounces ; maſtich in 


drops, two ounces ; aſphaltum, one ounce ; grind 
the maſtich and aſphaltum, ſeparately, very fine ; 
and ſift them through a very fine hair ſieve: then 


melt the wax in an earthen pot, and ftrew in the 


maſtich and aſphaltum, ſtirring them upon the fire, 
till they are well diſſolved and mixed, which will 
be in about half an hour: then let it cool a lit- 
tle, and pour it into a baſon of fair water, but ſuf- 


fer not the dregs to go in: afterwards having 
wetted your hands, take it out of the water, and 


make it up into rolls before it is cold. 


If it be for a red ground, take red lead, grind 


it very well, and temper it with varniſh; if for a 
white ground, take roſin four ounces; bees wax, 
two ounces; melt them together, adding Venetian 
ceruſs, finely ground, four drams; and if for a 
black ground, take aſphaltum, two ounces ; bees- 
wax, one ounce; and melt them together, and 
while they are warm lay the mixture thinly on with 
a lawn rag, 


To make the Prepared oil, heat olive- oil in an 


earthen pan, and putting to it as much ſheep-ſuet 
as that being dropt upon a cold thing, the matter 
will be a little hardened and firm, let theſe, boil 

| together 
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ogethby for the ſpace of an hour; till they become 
of a reddiſh; colour, leſt they ſhould W when 
they come to bad uſed, | 


The Method of preparing the PLATE and uſing 
the Varnisn for * 


TAKE a copper plate . the ſize of the 
work. to be etched; hammer it very even and 
ſmooth ;- then take a pumice- ſtone, free from gra- 
vel, and rub it with a little water; then rub it well 
with your burniſher, and after that with a piece of 
charcoal dipped in water. Then with a roller 
made of black felt, caſtor, or beaver- hat dipped in 
olive- oil and rotten ſtone; rub it well, till the plate 

is glazed and ſufficiently * then clean it 
off with whiting. | 


This done, heat it over a chafing-diſh of coals, 
and with a little ſtick take ſome of the firſt varniſh, 
and put a drop of it on the tip of your finger, with 
which touch the plate lightly and at equal diſtances; 
laying on the varniſh: equally, and heating the 


1 again as it grows cold, preſerving it carefully 
rom gathering any duſt or filth. Then, with the 


ball of your thumb, daub it upon the plate, 
till you make it ſmooth and equal, in which caſe 
great care is to be taken. Likewiſe obſerve that 
the varniſh is not too thick. „„ 


This being done, take a great lighted candle, 
that burns clear with a ſhort ſnuff, and placing the 


corner of the — againſt 4 wall, and holding the 
varniſhed 


— 


J 


| 
| 
| 
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varniſhed fide of the plate downwards over the 


candle as cloſe as you can, not to touch the var- 
niſh, guide the flame all over the plate, till it i: 


all perfectly blacked, and e it from duſt and 
filth till it is dry, 3 


Hang the wvamiiſhed plate to dry over a char- 
coal fire, with the varniſhed fide upwards, which 
will ſmoke: when the ſmoke abates, take away 
the plate, and with a pointed ftick ſcratch the 


near ſide of it, and if the varniſn comes off eaſily, 


hang it over the fire again -for a little while, till 
the varniſh will not eaſily rub off: then take it 
from off the fire, and ſer it by to cool. 


The method of uſing the ſoft varniſh i is as fol: 
Jows : haying 1 made the plate ready as before, rub 
it well over with fine white chalk ſcraped, and 3 
fine rag, not touching it with your fingers. Then 


lay the plate over a chafing-diſh, and having tied 


up ſome of the varniſh in a fine rag, rub it up and 


down the plate, ſo that as it melts, it be neither 


too thick nor too thin: then ſmooth it as well as 
you can all one way with a fine bruſh or feather; and 
afterwards croſswiſe, till it lies ſmooth and even. 
But care muſt be taken that the plate be not too 


hot, for if it lies till the ground ſmokes, the 


moiſture will be dried up, which will occa- 


ſion the 6 to break, or fly up, and ſpoil the 


work. 2 


Then having ready ſome oath or white lead, 


ground with gum-water, ſo that it is of a conveni- 
ent thickneſs for ſpreading on the copper, ſtrike 


- the 
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the plate with it croſs over twice or thrice, till it is 


' ſmooth, with a large pencil or fall bruſh, then ſet” 


it by till it dries. 


General Directions ber Erenhe. 


THE method of etching is as follows: che 
plate being covered over with à peculiar ground 


or varniſh, as already directed, and that ſide black- 


ened with the ſmoke of a candle, the back of the 


deſign or draught is laid over the varniſh, being 


firſt rubbed with red chalk: then the deſign being 


laid on is to be transferred upon the varniſhed ſide 


of the plate. This is done by tracing over all the 
lines and ſtrokes of the draught with a needle or 
point, not very ſharp, which, preſſing the paper 
cloſe down to the ground, cauſes the wax to lay 
hold of the red chalk, and thus brings off with it 
the marks of the ſeveral lines, ſo that at length it 
ſhews a copy of the whole deſign in all its correct. 
neſs. 


In the mean time, it is heceſſaty to o obſcive; that 
ſuch parts of the plate as you do not work upon 
is to be covered. with a ſheet of fine white paper, 
and a ſheet of brown over that; upon this you 
may reſt your hand to keep it from the yarniſh. 
If you make uſe of a ruler, lay ſome. part of it 
upon the paper, that it may not rũb off the var- 
niſh; and take ſpecial care that no duſt or filth 


get in between the paper and the varniſh, "becauſe 


— would hurt! it. 


The | 
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The draught or deſign being thus chalked, the 
'  etcher next proceeds to draw the ſeveral lines with 
a a pointed tool through the ground upon the cop- 


per. In doing this, he makes uſe of points of va- 
rious ſizes, and preſſes them on more ſtrongly or 
lightly according as the ſeveral parts of the figures, 
&c. require more or leſs ſtrength or W 


This being An a rim or border of wax is 


raiſed round the circumference of the plate, to 
| keep in the aqua-fortis, and prevent it from run- 
ning off at the edges; and then it is poured on the 


plate ſo prepared. The ground or .varniſh with 
which the plate is covered defends it every where 


from the corroſive quality of the aqua-fortis, ex- 


cept in thoſe lines or hatches cut through the 


ground with the points, which lying open, the 
water paſſes through them into the copper, an 


eats into it the depth required, which being done 


it is poured off again. 


It is to be obſerved, that the ' aqua-fortis muſt 
not continue equally long, or be poured on equally 
oyer all the parts of the deſign; and you muſt let 
it down to a-proper ſtrength with water, which no 
rule but practice can teach, without the ſtrength 
of the aqua; ſortis could be obtained, and like- 


. wiſe the goodneſs of the ground; the remote parts 
muſt firſt be eaten more ſlightly than thoſe nearer 


to the view. For effecting this, a compoſition of 


oil and greaſe with which they cover all the parts 
that are to be bitten no farther, is made uſe of; or 


elſe this compoſition is at firſt laid on as a defenſa- 


tive, and taken off again when they find it proper. 
; 8 In 
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is Haden of th g et is the tl: 
cipal matter If the whole art of 'erching, and that 


on hich the effect of the whole chiefly depehids. 
The workman muſt be obſervant as to the ground; 
that · it ddes not fall of give way in any part to the 


aqua-fortis; and if in any plate it does, to ſtop up 
that with common varniſh. It muſt be alſo ob- 
ſerved, that a freſh dip of aqua - fortis muſt never 
be given without firſt waſhing out the aw! in ie 
mou and drying it at the fire, * 

Wen the 2Gua-fortis has 7 8 0 1 151 part, 
the ground muſt be taken off and the plate waſhed 
and dried; after which, the artiſt mult + examine it, 


and with his graver touch it up,” and a e 


it t where the e &c. Ras miſſy. 


| Particular Diredtions for Ercnuxo. | 


IN Tr lines or 1 as there uſt be 
ſome bigger and ſome leſs, ſome ſtraight and ſome 
crooked, you muſt uſe ſeveral ſorts of needles, big- 


ger or leſs, as the work requires. The large lines 
are made by leaning hard on the needle, the point 
being ſhort-and/ thick: (but a round point wilbnot 


cut the varniſh clear), or by making divers lines or 
hatches very cloſe to one another, and then paſſing 
over them again with a thicker needle; 'of by mak- 

-., | | ing 
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In a word, they are every new and then covering 
or uncovering, one or another 18 of the deſignt as 
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ing them with a pretty large needle, and mm 
the aqua-fortis be longer thereon. _ 


* your lines or hatches ſhould be of an equal | 


thickneſs from end to end, lean on the . with 
an equal force; leaning lightly where you would 
have the lines or ſtrokes fine or ſmall ; and hea- 


vier where you would have them appear deep or 
7 large. If the lines are too ſmall, paſs over them 


again, with a ſhort, but round point, of ſuch a big- 


neſs as you would have the line of, leaning ſtrong- 


5 where FH would have it flops. 


ne e of: holding the needle 5 oval 
points, which is moſt proper for making large and 
deep ſtrokes, much reſembles that of a pen; only 
the flat, ſide len is uſually held next the thumb; 
yet it may be uſed with the face of the oval turned 


towards the fide of the little finger. 296. 


If you would 250 with a fine ſtroke, you ſhould 
draw it with a fine needle; and in uſing the oval 
points, hold them as upright and ftraight in your 


hand as you can, ftriking your ſtrokes firmly and 
freely, for that will and much t to their Fe and 


j 


clearneſs. 


In etching 3 you N ue dender 
points for faint ſtrokes to thoſe places at the great - 


eſt diſtance from view, as alſo thoſe neareſt the 
light; and you muſt be careful, while at work, to 
bruſh off all the duſt worked off with the needles. 


111 is neceſſary to obſerve, that you ought to he 
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ſo far maſter of the art of drawing as to be abſe to 


copy any print or painting exactly, and to draw 
after good heads of plaſter or figures, according 


to your own fancy, and to ſhadow every thing ex- 
actly according to art: and therefore, when you 


imitate plaſter, be ſure to take the true out- lines or 


circumferences ;* and taking notice how the ſha- 


dow falls, to do it very faint, as ſoft as the deſign 
requires. Therefore it is convenient that you be 
able to hatch with the pen exactly, after good 


copies; and when you can do that, to draw after 


plaſter, and then to draw from the life. 


In order to take the out-Iines of any dravingo or 
print upon the ground of the plate, you muſt 
ſcrape a little white-lead on the back-ſide; then 


take a feather, and rub it over every where alike, 


and ſhake off that waych remains loole.” 


| Having done this, lay the oriag on the plate, 
over that fide where the lead is, and faſten the four 


corners of it to the plate with a little ſoft wax: 
then take the tracer and draw upon the print all 


the outmoſt lines or circumferences exactiy. When 


you have done this, take off the print from the 
plate, and all the ſame out- lines and circum- 


ferences which you drew upon the print with the 


UN will TRY be found I arab the 1 4 
Then vou muſt whites exactly : your origi- 


nal or pattern is ſhadowed, how cloſe the hatches 


are joined, how they are laid, and whieh way the 


light falls or comes in; this muſt be made to fall 
one * and if the light falls * in the print, 


K you 
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you mult hatch that ſide darkeſt which! js fartheſt | 

from the light; and ſo place the lights altogether 
on one fide, and nat confuſedly, Barr a M980 . 
| and part an the other „ Bren 


Take heed how cloſe all the batches 3 Join, HY | 
they incline, .and 79575 way they twiſt and wind: 
this follow as exactly as you can, but before you 
begin to hatch or Fe you muff not fail to 
draw all the out- lines with à needle upon the 
ground as artificially as you can, and ſhadow it 
with your different peedles according to the ori- 
ginal. 


| In landſcapes, hls a 115 the eye, as was al- 
ready obſerved, is to be hatched darkeſt, and the 

reſt is to decline in its ſhadows by degrees the fat - 

ther jt is off from view. The ſame method is to 
be obſerved in etching a ſky, for that which is 
neareſt ta the eye muſt be ſhadowed darkeſt, but 
in general as ſoft and faint as poſlible, loſing 
itſelf gradually, as directed before; and, by how 
much nearer the ſky comes to the ground, by ſo 
much the more looſe and faint muſt it be made to 
appear, and where they both meet as it were fage- 
4947s the tky muſt be quite loſt, 


In erching letters, ſerew the copper-plate in a 
hand-vice, then hold it over a charcoal fire till it 
be warm; rub. a piece of virgin-wax all over the 
plate, ſpreading it very even with a feather, and 
then letting it cool. The letters being written on 
paper with a-black-lead pencil, lay the written - 
fide downwards upon * waxed plate, and faſten 


the 
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| ſo exact, that the lines may run ſtraight. 
le, Then rub the hack · ide of the paper all over with 
a hurniſher, tak ing care not to miſs any part there- 
of, and taking the paper off the plate, you will 


..F find all the letters written on the paper left exact 
I: on the wax, Then draw all the letters through 
Ju the wax on the plate with a tracer, and afterwards 
0 clean the work from the looſe wax with a linen 
Ic rag or penci]-bruth ; and laſtly, pouring on the 
it aqua-fortis; the letters will be L all the 
. former operations being performed, waſh the plate 


with fair water, and ſet it wet ypon the fire till the 
mixture be well melted ; then wipe it very clean 


on both ſides with a linen cloth till it is thorough- 
ly clear of all the mixture. In the next place, take 
good charcoal, and pulling off the rind, put fair 
water on the plate, and rub it with the charcoal, as 
if you were to poliſh it, and by this operation you 
will get off the varniſh ; only you muſt remember 


and roughneſs, and that no ſand or filth fall on the 
plate. After this, adding t two thirds of fair water 
to one third part of common aqya-fortis, dip a 
linen rag in it, which by rubbing the plate all 
over, will reſtore it to its former beauty. How- 


PP 00. © TE os wt 


ter, this is done by holding it a little before the 
fire, putting on a little olive- oil, and, with the fur 


of an old beaver hat rolled up, rubbing the plate 


all over before i it is avant with the wah cloth, 


Laſtly, 


— 


* the four corners with u little ſoft was; placing the 


that the charcoal is to be free of all ſorts of knbts 


ever, it is neceſſary that the plate he wiped after 
this, with dry linen rags, to take off the ſaid wa- 
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„ Laftly, if any places require to be touched with 


the graver, as it frequently happens, efpecially 
where it is to be very deep or black, carefully cor- 
rect them; Nee gs 7 ERIN be carried 
to hs ar pars re 
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| I HE 100 neceflaty fon a 50 be oil- 
rub ber, burniſher, ſcraper, , oil-ſtone, needles, and 
ruler, already mentioned to be uſed in etching ; ; 


alſo gravers; compaſſes, and a and des. KR 


Griven are 'of two ſorts, S and, loatoge.; 
three of each ſort ſhould be provided. The firſt 


is uſed in cutting the broader ſtrokes, the other 


for the fainter and more delicate. No graver 
ſhould exceed the length of five inches and a 


half, the _— incluged, RAINS: 127 og 


ines, N A 


The ae or e is uſed to gals the plate 
on, for the conveniency of turning it about. The 
oil-ſtone muſt be A the T Lurker e | THT 


or e 14 ereus che Gr. 17 7 


* 689 1 


1 


"A 8 great pains are AA JE to whet 45 ver 
nicely, particularly the belly of it, care muſt be 
taken to lay the two angles of the graver, which 
are to be held next the plate, flat upon the ſtone, 
ad rub dem ſteadily, and till the belly . 

C3725 1 u * 
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dually above the plate, ſo as that, when you lay the 
graver flat upon it, you may Juſt perceiye the light 
under the point; otherwiſe: it will dig into the 
copper, 'and it will be impoſſible to 8 int, 
or execute the work with freedom. © 85 ro 

this, keep your right arm — ſide, oy 
place the fore-finger 'of your left hand upon tfiat 
part of the graver which lies uppermoſt on the 


ſtone. When this is done, in order to whet the 


face, place the flat part of the handle in the Hol- 


low of your hand, with the belly of the graver 


upwards, upon a moderate llope, and rub the ex- 
tremity or face upon the ſtone; till it has an ex- 
ceeding ſharp point, which you may try upon your 
thumb-nail. The dey" rae while in uſe, muſt 
never be kept without oil. NN Go 9955 85 

When the graver is. 060 Bac as is uſually the 
caſe when firſt bought, and may-be known by'the 
frequent. breaking of the point, the method of 


tempering the ſteel is as follows ; Er ole gonad! 


Heat a poker red hot, and hold the graver upon 
it within half an inch of the point, waving it to 
and fro till the ſteel changes to a liglit ſtràw Ho- 
lour; then put the point into oil to cool: or, hold 
the graver cloſe to the flame of à candle, till it be 
of the ſame colour, and cool it in the tallow: but 
be careful either way not to hold it too l g, for 
then it will be too ſoft; and in this caſe the point, 
which will then turn blue, muſt be broken off, and 
whetted afreſh, and tempered again, if required. 
But be not too haſty in tempering for ſometimes; 
a little whetting will bring it to a good N 
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F CUT off that part of the haadle which is wpon 
the ſame line with the belly, or ſharp; edge of the 
WES: LEY chat 940 fate . it , boi no 


2 Hold the bende in the halle; oy your: hand; 
> and extending your fore-finger towards the point; 
let it reſt upon the back of the graver, that you 


may guide it flat, and parallel with the Flas, += 6} 


"Take care that your 8 as f not as 
between the plate and the graver; for they will 
prevent you from carrying the graver level with 
the plate, and from cutting en 8 _ 
WI ON Es 13 7 5 Andy 


L >» Xx. GE EE 
LAY 1 > 2 


In lin your Beten "ey the ir take the 
N ee Method : LIKE! 


AFTER you Cop poliſhed the plats fins and 
itnosth, heat it ſb as it will; melt virgin-wax, 


with which rub it thinly and equally over, and let 


it cool. Then the deſign which you lay on, muſt 
be drawn on paper, with a black lead pencil; and 
laid upon the plate with its penciled fide upon the 
wax, then preſs it to, and with a burniſhet go over 
every part of the deſign, and when you take off the 
paper, you will: find every line which you drew 
with the black lead pencil upon the waxed plate, 
| as 


2 bk ad * _ 
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is if it had been drawn; then with a ſharp. pointed 


tool, trace all your deſign, and you may An. 1 
the wax n * Teen to n 


Directions for ExGRAYING, : 


LET the table or En) you _ at be frm 
and ſteady; upon which place your ſand bag with 
the plate upon it; and holding the graver as above 
directed, proceed to buſineſs in .the : following 
manner: 


For ſtrait ie trokes, hola your 1 fim upon the 


ſand- bag with your left hand, moving your right 
hand forwards; leaning lighter where the ſtroke 
ſhould be fine, and harder where you would 118 


it broader. 


For circular ws crooked dis hold the graver 


ſtedfalt, moving your hand or the plate, as you 


ſee convenient. 


Learn to carry your hand with ſuch a night chat 
you may end your ſtroke as finely as you began 
it; and if you have occaſion to make one part 
deeper or blacker than another, do it by degrees: 
and that you may do it with greater exactneſs, 


take care that your ſtrokes be n not too cloſe,” nor 
too vide. | 4 


In the Lott of 1 your . g off the barb 
or roughneſs which ariſes, with the belly of your 
Sraver; but be careful, in doing this, not to 

5M ſcratch, 


Is MISCELLANEOUS ARTICLES. 
ferarch the plate i and that you thay fee your work 
Properly as you go on, rub it with the oil - rubber, 
and wipe the plate clean, which will take off the 
glare of the copper, and ſhew what you _ done 
to the beſt — : 


Any miſtakes or We in (I'S Sans may be 
fubbed ovit with the burniſder, and the purt levelled 
with the ſeraper, poliſhing it _-! ds 
ü with the burniſner. 


" Having thus attained the uſe of the graver, 5 
cording to the foregoing rules, you will be able to 
kiniſn the piece you had etched, by graving up the 
ſevoral parts to the colour of the original; begin» 
ning, as in the etching, with the fainter parts, and 
edvaricing. gradually with. the 9 till the 
whole is compleated. | 


The dry needle (fo called becauſe not uſed till 
the-ground f is taken off the plate) is principally 
employed in the extreme light parts of water, iky, 
drapery, architecture, c. ; 


For Jour firſt nt copy ſuch prints a3are 
apebly ſhaded; the more finiſhed ones being too 


cult, till you- have gained facther experience. 


N. B. To prevent any ebſiraition: from too 
great a degree of light, the uſe of à ſaſh, made of 
tranſparent, or fan-paper, paſted on a frame, and 
placed floping at -a convenient diftance between 


your work and the light. — 
de 
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mended to the practice of the ingenious - 
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ſerre che ſight, but, when the ak Shins} ut 
PRE dripenſed with. 15 > Py 4 
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THIS art, which is of lage dam, is — 


for the amazing eaſe with which it is executed, ; 


eſpecially by * 11 have _ 1 at mw 
ing. F 5 I 116. 


Naerzotinto prints are thoſe which haye. no 
hatching or ſtrokes of the grayer, but whoſe yy 
and ſhades are blended together, wy N ei 


4 drawing of Indian ink, . - 


The tools uſed in this art * 2 | ae 


The copper- plate, oil; tone, groudi c. wol, 


| n e 


Directions or laying the Mavnortnto-Groudin, 


MARK of upon the Wü af the nge ty 
diſtance you intend to leaye for the writin g. Cat 


of arms, &c. then, laying: your plate with a pixce 
of ſwanſkin-flannel under it, upon your table, 


hold the grounding-tool in your hand perpendi- 
cularly, Jean upon it moderately abafih:.Chntinu- | 


ally rocking your hand in a right line from end to 
end, till you have wholly covered whet place in 


I 2 ie 


. 1 next croſs — Goon 


60 MISCELLANEOUS ARTICLES. 
ſicle, afterwards from corner to corner, working 
the tool each time all ayer the plate, in every di- 
rection, almoſt like the points of a compaſs , 
taking all poſſible care not to let the tool cut (in 
one direction) twice in a place. This done, the 
plate will be full, or, in other words, all over rough 
alike, and would, if it were Printed, appear com- 
prey Wack * 
"7 Having: Laid W e take the abel 
black chalk, and with a piece of rag rub it 
over the plate; or you may, with two or three 
candles, ſmoak it, as before directed for etch. 


inge... Ne 
| 8 dt Bhs 


Now, take your print or drawing, and having 
rubbed the back with red- chalk duſt, mixed with 
white lake, p roceed to trace it. 


Directions for whetting the GRouνpον - ro. 


IF a tooth of the tool ſhould break, it may he 
era in the working by a particular ſtreak 
r gap, which will appear in the ground in a 
ſtraight line; in which caſe the tool muſt be whet- 


ted on the back, holding it ſloping, and i in a Cir- 
cular manner, like the bottom of the tool. 


? 


ann or 7 * 
dische f Bo the Proruns, 7 
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'F "AKE a blunt needle, and 1 the bellen 


auh chen vieh ſcraper ſcrape off 9 
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every part of the plate, as clean and ſmooth as 
— in proportion to the ſtrength of the lights in 


your picture, taking care not to hurt your outlines: 
and that you may the better ſee what you do, with 


the thumb and fore- finger of the left hand hold a 
piece of tranſparent paper, ſloping, juſt over your 
right hand, and you will ſoon be a judge of the 


different tints of the work you are doing; ſcraping 


off more or leſs of the ground, as the different 
ſtrengrhs of light and tints require. 


The uſe of the buttiifher 1s, to ſoften or rub 
down the extreme light parts after the ſcraper is 


done with, ſuch as the tip of the noſe, forehead, 


linen, &c. which might otheryiſe, when proved, 


appear rather miſty than clear. 


Another method uſed by mezzotinto ſcrapers, 
is, to etch the outlines of the original, as alſo of 


the fplds in drapery, marking the breadth of the 


ſhadows by dots which having bit to a proper depth 
with aqua; fortis; then take off the ground uſed 


in etching, and having laid the mezzotintg-ground, 


proceed to (craps the picture as above. 


In four or fiye days before you think the plate 
will be ready for proving, wet ſome French paper, 
as no other will do ſo well for this work, that time 
is neceſſary for it to lie wet. When the proof 


is dry, touch it with white chalk where it ſhould 


be lighter, and with black chalk where it ſhould 
be darker 3 and when the print is retouched, pro- 


ceed as before for the lights, and for the ſhades, 
ule 


\ 


60 -MISCELLAN YEOUS -ARTICLES. 
ſide,” afterwards from corner to corner, working 
the tool each time all ayer the plate, in every di- 
rection, almoſt like the points of a compaſs , 
taking all poſſible care not to let the tool cut (in 
one direction) twice in a place. This done, the 
plate will be full, or, in other words, all over rough 
Alike, and would, if it were printed, appear com- 
pletely lack an ; 
Having dal thi PLES take the 8 1 of 
black chalk, and with a piece of rag rub it 
over the plate; or you may, with two or three 
candles, ſmoak it, as ab directed for etch- 


"Now, take your ALY or Jrawing; and having 
rubbed the back with red-chalk duſt, mixed with 


white lake, proceed to trace it. 


Directions for whetting the GRouND N- TO OL. 


IF a tooth of the tool ſhould break, it may he 
perceived in the working by a particular ſtreak 
or gap, which will appear in the ground in a 
ſtraight line; in which caſe the tool muſt be whet- 


ted on the back, holding it ſloping, and in a cir- 
cular manner, like the bottom of the tool. 


5 $q 0 55 4 9577 5 
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FAKE: A hand: oak and 2 the outlines 


only, them with a ſcraper ſcrape off W 0 
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appear rather miſty than clear. 
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every part of the plate, as clean and ſmooth as 
poſſible; in proportion to the ſtrength of the lights in 


your picture, taking care not to hurt your outlines: 
and that you may the better ſee what you do, with 


the thumb and fore finger of the left hand hold a 
piece of tranſparent paper, ſloping, juſt over your 
right hand, and you will ſoon be a judge of the 


different tints of the work you are doings; ſcraping 


off more or leſs of the ground, as the different 
ſrengrhs of light and tints require. 8 


The uſe of the buptiither: 1s, to ſoften or rub 
down the extreme light parts after the ſcraper is 


done with, ſuch as the tip of the noſe, forehead, 


linen, &c. which might otheryiſe, when proved, 


* 


Another method uſed by mezzotinto ſcrapers, 
is, to etch the outlines of the original, as alſo of 


the fplds in drapery, marking the breadth of the 


ſhadows by dots which having bit to a proper depth 
with aqua · fortis; then take off the ground uſed 


in etching, and having laid the mezzotinta- ground, 


proceed to {crape the picture as above. 


In four or five days before you think the plate 
will be ready for proving, wet ſome French paper, 
as no other will do ſo well for this work, that time 
is neceſſary for it to lie wet. When the proof 


is dry, touch it with white chalk where it ſhould 


be lighter, and with black chalk where it ſhould 
be darker 3 and when the print is retouched, pro- 


ceed as before for the lights, and. tor the ſhades, 
ule 
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f uſe a ſmall-grounding-tqol, as much as you judge 
neceſſury to bring it to proper colour; and when 

you have done as much as you think expedient, 

prove it again, and ſo proceed to prove and touch, 


till it is entirely to your mind. When the plate 


tarniſhes in the part where you are at work, a lit- 
tle vinegar and ſalt kept by you in a yial will take 
55 it off, wiping 1a with o clean rag. 


Avoid as much as polble oyer- ſcraping any 
part before the firſt proving, as by this caution 


n 
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THE elegant arts, of which painting is ane of 
the moſt conſiderable, have ever been held in the 
higheſt eſtimation by the great and illuſtrious of all 
ages, nat ſolely for private amuſement, but for 
theit beneficial influence in ſveiety, in promoting 
| benevolence, and inſpiring delicacy of feeling, 


This will not appear paradoxical, if we obſerve, 


that they are evidently contriyed to afford inno- 


cent pleaſures, diſregarding the inferior ſenſes; in 
this light they may be confidgred as a rational 
ſciente, and when cultivated to an eminent de- 


{> ee they do henour te mankind. 


Every attempt to encourage and improve the 
| elegant arts deſeryes great commendation, ſince 
there is too much reaſon for believing that the in- 
tereſts of humanity are not ſo ſtrongly guarded, or 


ſo 
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40 firmby ſecured, as eaſily to relinquiſh thoſe ſuc- 
cours, or 1 thei: REA 
e re Tp | 


Ses peingig h 1 an art in which ah ee 

is no eſs neceſſary than juſtne(3 of colouring, 
Lap 4 a few hints relative to the former 
will not (even at this period) be deemed ſuperflu- 
ous or unneceſſary ; for, ſhould theſe elements fall 


into the hands of the accompliſhed artift, to whoſe © 


gment I ſubmit them with the higheſt dif» 
denee, I flatter myſelf 1 ſhall meet with favdur 
and indulgence, fince I intend this work prinei- 

y for the uſe of thoſe who are juſt entering into 
the world of imitation. To ſuch, I hope to make 
an offering worthy their acceptance, ſhould ineli- 
nation lead them to the ſtudy of painting with 
crayons, by exhibiting the materials uſed in this 
art, with the methods of making Woe l 
em for tho execution of deln. 


The hopes e eee 

art of painting with crayons, of ſuggeſting ſome 
hints which may poſſibly give riſe to further in- 
quiries reſpecting this pleaſing ſtudy, and of ex- 
plaining its principles for the benefit of ſuch, may 
prefer the filent amuſement of à beautiful art, to 
the deluſve -enchantments e gay ane 
. 8 2 


Iihall now r Ge 
41 towards the attainment of excellence; in 
is art. 


11 
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The ſtudent muſt provide himſelf: with ſore 


ſtrong blue paper, the thicker, the better, if the 
grain is not too courſe and knotty, though it is 
almoſt impoſſible to get any intirely free from 


knots. The knots ſhould be levelled, with a pen- 
* knife of razor, otherwiſe they will prove. exceed- 

ingly troubleſome. After this is done, the paper 

muſt be paſted very ſmooth on a linen cloth, pre- 


viouſly {trained on a deal frame, the ſize according 
to the artiſt's pleaſure : on this the picture is, to be 
executed; but it is moſt eligible not to paſte the 
paper on till the whole ſubje is firſt dead- colour- 
ed. The method of doing this is very eaſy, by 
laying the paper with its dead- colour on its face, 
upon a ſmooth board or table, when, by means of 
a bruſh, the backſide of the paper muſt be cover- 


ed with paſte; the frame, with the ftrained cloth, 


muſt then be laid on the paſted: fide of the paper, 
after which, turn the painted ſide uppermoſt, and 
lay a piece of clean paper upon it, to prevent 


Os ſmearing ; this being done, it may be ſtroked 


gently over with the hand, by which means all the 
air between the une and the paper will be * 


out. 

| "Wha Sat is GR 3 d = 3s | 
proceed with the painting. The advantages ariſ- 
ing from paſting the paper in the frame, according 


to this method (after the picture is begun) are very 
great, as the crayons will adhere much better than 


any other way, which will enable the ſtudent to 
finiſn the picture with a firmer body of . and 
1 5 luſtre. 


When 
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When painters want to make a very correct co- 
py.of þ gihuiiy hap — ufe- of a dif- 
fany, or black gauze, ſtrained tight on a frame, 
which. they lay flat on the ſubject to be imitated, 
and with a piece of ſketching chalk, trace all the 
2 on the tiffany. They then lay the canvas 


painted on, flat 'upont the floor; placing the 


— chalked lines upon it, and with an 

chief bruſh the whole over : this preſents 
the ed cle of ie 827 oh 1 the" Cate” 
. ; | 


Py 2.57 C3200 TIf::00F 1 
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| ec when the ſubject of his imitation is in 


oils, but in copying a crayon picture, he muſt 
have recourſe to the Tollowing ee onr a account | 
gn rr oh 8 I 4 


The Mite haing eferedcpen eh wy EA jor the 


e be drawn on the glaſs with a fall ca- 


me? s-hair pencil dipped in lake, ground. thin 
with oils, which muſt be done with great exact- 


_ neſs; aſter this is; accompliſhed,: take a ſheet of 


papesiofithe fame; fize, and place it on the glaſs, 


ſtrolcing over all the ines with the hand, by which 


means the-colaurs-will.adhere to che paper, which 

muſt be pierced: with pin-holes pretty clofe to each 
other. The paper intended to be uſed for the 
painting muſt next bo laid vpon a table, and the 
pierced paper” placed upon it; then with ſome 


fine pounded charcoal, tied up in a pieee of Javn, 


N perforated ſtrokes, which will give 
an ematt out-line; Great eate muſt be taken not 


A is drawn over with 
E : ama 29; 
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ſketching chalk, which is a compoſition made of 


whiting and tobacco-pipe clay;-rolled like « wag . 
ons, and pointed at each end. „ 


When the ſtudent paints e Soo: 4 . 
the life, it will be moſt prudent to make a correct 
drawing of the out-lines on another paper, the 
ſize of the picture he is going to paint, which he 
may trace by the preceding method, becauſe er- 
roneous ſtrokes of the ſketching chalk (which are 
not to be avoided without great expertneſs) will 
. prevent the crayons from adhering to the paper, 

owing "ms een Oy Wes _ CO | 


The ſtudent. will find the ſitting * with 
the box of crayons in his lap, the moſt conveni- 
ent method for him to paint. The part « of the 
Picture he is immediately painting ſhould be ra- 
ther below his face, for, if it is placed too high, 
the arm will be fatigued. Let the windows of 
the room where he paints be darkened at leaſt to 
the height of ſix feet from the ground, as before 
directed, and the ſubje& ta be painted ſhould be 
ſituated in ſuch a manner, that the light may fall 
with every advantage on the face; avoiding too 
much ſhadow, which ſeldom has a good effect in 
portrait painting, eſpecially if the face he paints 
has any degree of delicacy, . Before he begins to 
paint, let him be attentive to his ſubject, and 
appropriate the action or attitude proper to the 
age of the ſubject: if a child, let it be childiſh ; 
if a young lady, expreſs more vivacity than in 

the majeſtic beauty of a middle-aged woman, who 
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alſo ſhould not be expreſſed with the ſame gravity 


as a perſon far advanced in years, Let the em- 


belliſhments of the picture, and introduction of 
birds, animals, &c. be regulated by the rules of | 
propriety and conſiſtency, 


The features of the PO being carefully draw 
with chalk, let the ſtudent take a crayon of pure 


carmine, and carefully draw the noſtril and edge 


of the noſe, next the ſhadow, then, with the faint- 
eſt carmine teint lay in the ſtrongeſt light upon 
the noſe and forehead, which muſt be executed 
broad. He is then to proceed gradually with 
the ſecond teint, and the ſucceeding ones, till he 
arrives at the ſhadows, which muſt be covered 
brilliant, enriched with much lake, carmine, a 
little broken, with brilliant- green. This method 
will, at firſt, offenſively ſtrike the eye, from its 
crude appearance, but, in finiſhing, it will be a 
good foundation to produce a pleaſing effect, 
colours being much more eaſily ſullied when too 
bright, than when the firſt colouring is dull, to 
raiſe the picture into a brilkant ſtate. The ſeveral 

ly teints, diſcernable in fine complexions, 
muſt be imitated with blue verditer and white, : 
which anſwers. to the ultramarine teints uſed in 
oils. But if the parts of the face where theſe 
teints appear are in ſhadow, the crayons compol- 
ed of black and white muſt be fubſtirued i in their 
place. | 


Though all the ſacs when firſt colic ſhould 
be laid in as brilliant as poſſible, yet each part 


ould be kept in its ata tone, by- which 
X22 means 


68 MISCELLANEOUS- ARTICLES, 
SVSW0VWà0000 FORE! 


© Let. the ſtudent be het when 15 begie the 
eyes to draw them with a, crayon' inclined to the | 
carmine teint, of whatever colour the iris are of; 
he muſt lay them in brilliant, and at firſt; 254 
loaded with colour, but executed lightly.; ne no- 
tice is to be taken of the pupil yet» The ſtudent 
muſt let the light of the eye incline yery much to 
the blug caſt, cautiouſly ayoiding a ſtaring, white 


appearance, (which, when once imroduced, is ſel. 


dom overcome) preſerying a broad ſhadow thrown 
on its upper part, by the eye-laſh. A black and 
heavy teint is alſo to be avoided in the eye-brows ; 
iv is therefore, beſt to execute them like a broad, 
_ Sloving ſhadow at firſt, on which, in-the -finiſh- 
ing, the hairs of the brow are to be painted, by 
which method of proceeding, the. former teints 
will ew themſelves through, and OE yy 


moſt pleaſing effect. 


The ſtudent mould begin PR lips wich pur 
catmine and lake, and in the ſhadow uſe. 
carmine and black; the ſtrong vermilion -teints 
| ſhould be laid on afterwards. He muſt beware of 
Executing them with ſtiff, harſh lines, gently in- 
termixing each with the neighbouring colours, 
0 the ſhadow. beneath broad, and enrich- 
cd brilliant crayons, He muſt form the 
corner of the mouth with carmine, brown oker, 
and greens, vazioufly intermixed. If the hair is 
dark, he ſhould preſerve much ef the lake and 
Ko carmine eine; therein; this may be eaſily 


ov W 
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oyerpoxered by the warmer hair teints, which, ag 
_ pbſerved in painting the eye-brows, will produce 
 & richer effect when the picture is finiſhed ;, on 
che contrary, if this method. is unknown or neg- 
lected, a poverty of coloutiag will be diſcern- 


After the ſtudent has covered over, or as artiſts 

, term it, has dead-coloured the head, he is to fweet- 
en the whole together by rubbing. it over wit 
- his finger, beginning at the ſtrongeſt light upon 
the forehead, paſſing his finger very lightly, and 
uniting it with the next teint, which he muſt con- 
tinue till the whole is ſweetened together;.often 
wiping his finger on a towel to prevent the colours 
being ſullied. He muſt be cautious not to ſmooth 
or fweeten his picture too often, ; becauſe it will 
give riſe to a thin and ſcanty effect, and have more 
che appearance of a drawing than a ſolid painting, 
d nothing but a body of rich celours can conſti- 
tute a rich effect. To avoid this (as the ſtudent 


finds it neceſſary to ſweeten with the finger) he 
. muſt. cofitinually TION ee, more 
- crayon. 5 | | 


When the head is * to ſome degree of 
ſorwardneſs, let the back- ground be laid in, which 
muſt be treated in à different manner, Covering 
it as thin as poſſible, and rubbing i it into the pa- 
per with a Jeather-ſturnp. Near the face the pa- 
per ſhould be almoſt i from colour, for this 
will do great feryice to the head, and by its thin- 
neſs, give both a ſoft and folid appearance. In 
the back-ground alſo, erayons which have whiting 


%. 


\ 
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in their compoſition ſhould be uſed, but ſeldom or 


never without caution; but chiefly ſuch as are the 
moſt brilliant and- the leaſt adulterated. The 
ground being painted thin next the hair, will give 


che ſtudent an opportunity of painting the edges 


of the hair over in a light and free manner when 


he gives the finiſhing touches. | 12 
The ſtudent having proceeded thi far; the 


be hair, and back- ground being entirely covered, 
he muſt carefully view the whole at ſome diſtance, 


remarking in what reſpect it is out of keeping, 


that is, what parts are too light, and what too 


dark, being particularly attentive to the white ot 


chalky appearances, which muſt be ſubdued with 
lake and carmine. The above method being 


bh properly put into execution will produce the ap- 


pearance of a painting principally compoſed of 


three colours, viz. carmine, black, and white, 


vhich is the beſt preparation a painter can make 


for the producing a fine crayon picture. 


The next ſtep, is to complear the 1 
and the hair, as the duſt, in painting theſe, will 


fall on the face, and would much injure it if that 
was compleated firſt. From thence proceed to 
the forehead, finiſhing downward till che Whole 


Picture i 18 compleated. 


Back- grounds may be of various colours; but 
it requires great taſte and judgment to ſuit them 
Properly to different complexions : in general a 


ſtrong coloured head ſhould have a weak and ten- 


der teinted ground, and on the contrary a delicate 


complexion 1 be oppoſed with ſtrong and 
powerful 


a, my 20 
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conatit teints; by which proper contraſt between 


the figure and the back-ground, the picture will 
. receive great force, and ſtrike the ſpectator much 


more than it could poſſibly do was this circum- 


| tance of contraſt not attended to. 


Young painters often treat the back-ground of 


pictures as a matter of very little or no conſe- 


quence, when it is moſt certain great part of the 
beauty and brilliancy of the picture, eſpecially the 


face, depends upon the teints being well ſuited; 


the darks kept in their proper places, and the 
whole being perfectly in ſubordination to the face. 
Thus 'a fimple back-ground requires attention, 


but the difficulty is ſtill greater when a variety of 


objects are introduced, ſuch as hills, trees, build- 


ings, &c. in theſe caſes one rule muſt be ſtrictly 


attended to, that each grand object be diſpoſed ſo 
25 to contraſt each other; this is not meant mere- 
ly reſpecting their forms, but their colour, their 
light, ſhade, &c. - For inſtance, we will ſuppoſe 
the figure receiving the ſtrongeſt light; behind 
the figure, and very near at hand, are the ſtems of 
ſome. large trees, theſe muſt have ſhade thrown 


- over; them, either from a driving cloud, or ſome 


other interpoſing circumſtance; behind theſe ſtems 
of trees, and at a diſtance are ſeen trees on a riſing 
ground, theſe ſhould receive the light as a con- 
traſt to the former, &c. If an architectural back 
ground be choſen, the ſame rule muſt be applied ; 
ſuppoſe a building at a moderate diftance is 


placed behind the figure receiving the light, a 


n or ſome other object in ſhadow ſhould in- 
| tervene, 


» 


LOT, pleabing, ;peanly teints are to be preiſarvetl, 


22 une Eobs ATA 


tervene, eee a. 
or what will have the ſame effect, a ſbadow mu 


| be chrom over the lower pan of the building, 


which will give equal ſatisfaction or gepoſe to the 


eye. It muſt be zememhered, the light muſt be 


always placed againſt the dark, and the weak 
Aa Againſt the ſtrong, in order $0 progucr lore and 
| effect, and vice verſa. 2 | 


4" * 


| 0 ating. over Cd as i. be- 


Sin the higheſt light with the moſt ſaint: vermilion 
teint, in the ſame place where the faint carmine was 
firſt laid, Keeping it baged in the ſame manner, 


dent muſt work in ſome light /blue teints, Som- 
poſed of verdliter and white, anerniaging with them 


them together with great caution this direction 
d fox the fineſt. complexions, hut the ſtudemt muſt 
vary, his colouring according to his ſubjaR) inſen- 
fly meltiag them into one another, increaſing 

the proportion of each colour as his judgment 
hall direct. Some brilliant yellous may alſo be 

| wed, but ſparingly.; and towards the roots of the 
er- Ver, e feet, er erase en 
will be of ſingular ſervice. / 


poſed of black and white, ſhould ſucceed. aſs 


and melt into the hair. Beneath the eycs, the 
„com- 
Paſedl of venliter and white, and under the naſe, 
and on the temples, the ſame may be uſed; be- 
_ neath the lips teints of this Kind alſo are proper, 

| En N 54 CROSS miiring 
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In the next ſnade ſucceeding the lighteſt, the ſtu - 


ſame of the deeper vermilion Tteints, ſwettening 
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— them with the light greens and ſorne ver- 
milion. | . 


The trodüktlon of green and bibes i into o the 
face, iti painting, has often given ſurprize to thoſe 
who: are unacquainted with the art, but there is 


reaſon ſufficient” fot their introduction (though it 


may appear ſtrange at fitſt) in 8 to break and 
correct m other colours. 0 


The ndualete alete in 4 deed 4 
is, as has been obſerved; the beſt preparation for 
the ſucceeding teints; tlie crudeneſs of this prepa- 
ration muſt be corrected by variouſly intermixing 
greens, blues, and yellows, Which of theſe are to 
be uſed is to be determined by the degree of car- 
mine in the dead colour, and the complexion in- 
tended. The blue and yellow are of a nature 
diametrically oppoſite, and ſerve to correct the 
reds, and o oppor one another; the greens being 
compounde of both theſe colours, are of peculiar - 


uſe in many caſes where a tranſition 1 is not to be 
| 0 violent. 5 n {ies 


"EF he ſtudent attentively 3 nature, with , 
diſtover a pleaſing; variety of colours on the ſur- 
face, and diſcernable through a clear and tranſpa- 
rent ſkin ; this variety will be ſtill encreaſed by 
the effect of light and ſhade; he will perceive one 
part inclining to the vermilion red, another to the 
carmine or lake, one to the blue, this to the green, 
and that to the yellow, &c. In order to produce 
theſe different effects he will apply thoſe colours to 


which tlie teints are inchned ; yet in crayon 
painting 
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painting it is often beſt to compound the mixed 
colours upon the picture, ſuch as blue and yellow 


inſtead of green; blue and carmine inſtead of pur- 


ple; red and yellow inſtead of orange; in other 
circumſtances the compounds already mixed ſhould 


be uſed: but in this caſe there can be no abſolute 


rule given, it muſt be left to the experience and 
diſcretion of the painter, though the ſtudent may 
be greatly aſſiſted in the commeneement_ of his 
ſtudies, by an able maſter to direct and point out 
the beſt method to treat circumſtances of this na- 
ture, as they occur in practice, which may at firſt 
appear obſcure and myſterious, but will ſoon, to a 
good capacity, become demonſtrably clear upon 
certain and ſure principles; the circumſtances that 


require different treatment are ſo various and ſo 


many, as to render it impeſſible for me here to  de- 
ſcend to every Fan i mth; 


In finiſhing the cheeks, let the pure lake clear 
them from any duſt contracted from the other 


crayons; then, with the lake may be intermixed 
the bright vermilion ; and laſt of all, (if the ſubject 
ſhould require it) a few touches of the orange co- 
loured crayon, but with extreme caution ;. af- 
ter this, ſweeten that part with the finger as little 
as poſlible, for fear of producing a heavy, diſagree- 
able effect on the cheeks: as the beauty of a cray- 
on picture conſiſts in one colour ſnewing itſelf 


5 through, or rather between another; this the ſtu- 


dent cannot too often remark, it being the only 
method of imitating beautiful complexiods: 


The eye is the moſt difficult feature to execute 
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in crayons, as every part muſt be expreſſed with 
the utmoſt nicety, to appear finiſhed ; at the ſame; 
time the painter muſt preſerve its breadth and ſo- 
lidity while he is particularizing the parts. To ac- 
compliſh. this, it will be a good general rule for | 
the * ſtudent to uſe his crayon in ſweetening as 
much, and his finger as little as poſſible. When - 
he wants a point to touch a ſmall part with, he 
ny 'break off a little 'of his crayon againſt the 
x, which will 1 23 4 corner fit to work with 
in in ch. minuteſt — If the eye-laſhes are dark 
he muſt uſe ſome of the carmine and brown oker, 
and the crayon of carmine and black; and with 
cheſe he may alſo touch the iris of the eye (if. 
brown or hazel), making a broad hadow, cauſed 
by the eye-laſh. Red teints 'of yermilion, car- 
mine, and lake, will execute the corners of the 
eye properly, but if the eye · lids are too red, they 
will have a diſagreeable ſore appearance, The 
pupil of the eye muſt be made of pure lamp- 
black; between this and the lower part of the iris, 
the light will catch very ſtrong, but it muſt not be 
made too ſudden, but be gently diffuſed round 
the pupil till it is loſt in ſhade, When, che eye 
balls are ſufficiently prepared, the ſhining, Teck 
muſt be made with a pure white crayon; which 
ſhould be firſt broken to a point, and then laid on 


firm; but as it is poſſible they may be defective in 


neatneſs, they ſhould be corrected with a pin, 


taking off the redundant parts, by which mene, 
they may be formed as neat as can be e 


The difficulty, with reſpect to The noſe, is 0 


ar the lines properly determined, and at the 
"Fo ſame 


4 
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ſame time ſo artfully blended into the check, as 
to expreſs its projection, and yer no real line to 


be perceptible upon a cloſe examination; in ſome 
circumſtances i it ſhould. be quite blended with the | 


cheek, whic ears behind it, and determine 
entirely with f wh. hr touch of red an, ge 
ſhadow cauſed by che 

in the whole face, partaking of na reflection from 
its ſürrounding parts. Carmine and brown. pker 
carmine and 255 29d en waffe e i 
fraß it beſt. 


X The ſtudent wha before ES the lips 


with the ſtrongeſt lake and carmine, &c. muff 

ith theſe colours, make them corppleatly « correct, 

and, when finiſhing, introduce the ſtrong yermi- 
Tien NS, but with great caution, as they extreme: 
A this, if properly touched, v will e Ive 

lips an appearance equal, if not ſuperior, t 

thofe executed in oils, notwithſtanding the "Sly, 
ing ſuperiority the latter has, by means of glazing, 
of which the former i is s entirely deſtiture. 


When the ſtudent paints the neck, he ſhould 
avoid expreſſing the muſcles too ſtrong in the 
ſtem, nor ſhould the bones appear too evident on 
the cheſt, as both have an unpleaſing effect, de- 
noting a violent agitation of the body, 4 circum- 
ſtance ſeldom neceſſary to expfeſs | in portrait 
painting. The moſt. neceffary part to be ex- 


and which ſhould ever be' obſeryed-(even 


n the moſt delicate ſubje&s); is a ſtrong marking 


Juſt above the place where the collar-bones unite, 


and if the head i: is much ny over el ſhoulders, 
ſome 


e noſe is generally the darkeſt | 
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ſome notice ſhould be taken of the large muſcle 
ſerted int? 


it between the collar- bones. All inferior 
—— once ſhould, be, in general, quite avoided, 
The ſtudent, 1 will find this caution neceſſary, as. 
moſt ſubjedts, eſpecially thin perſons have the muſ- 
cles of the neck much more evident than would 
be judicious to imitate. As few necks are too 
Jong, it may be neceſſary to give ſome addition to 


the ſtem, a fault on the other fide heing quite un- 


pardonable, nothing being more ungraceful than 
a ſhort neck. In colouring the neck, let the ſtu- 
dent preſerve the ſtem of a pearly hue, and the 
light not ſo ſtrong as on the cheſt. If any part of 


the breaſt appears, it's tranſpareney muſt alſa be 


expreſſed by pearly teints, bat the uppen part of the 
cheſt ſhould be coloured with n vermi- 
lions velicagely bleaded with * eihen. 


ot DRAPERY, 


PAINTING the drapery is cons 
though, to. be a very inferior branch oſ the art; 
moſt certainly, a miſtake. A very great. 
painter being aſked what part of the picture he 
thought moſt difficult to i ? anſwered, the. 
drapery. Whether we allow this.to be abſolutely 
true or not, we may venture to affirm; that it is a 
yery difficult part to execute with taſte; merely | to 


give the effect of Ulk, ſatin, or cloth, &c. ia not 
the 0 this, the ſervile, copyiſt, by, the mere 


dint of labour, may effect, and may even, deceive. 


the yulgar eye, 0 Ra the imitation may. deten 
= 
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for reality; but to make the folds give grace and 
dignity to the figure, to cloath it uninfluenced 
by prejudice, faſhion, or caprice, ſo as to bear 
the teſt of ages, requires the fulleſt exertion of 
true genius, and the ſtudy of a man's life; there- 
fore, a full deſcription here would be too pralix, 


ſo T ſhall leave the ſtudent to LIT) it with great 
A and care, | 


Of the MATERIALS, 


TRE perfection of the crayons conſiſts, in a 
great meaſure, in their ſoftneſs, for it is impoſlible 
to execute a brilliant picture with them if they 
are otherwiſe, on which account great care ſhould 
be obſerved in the preparing them, to prevent their 
being hard. In all compoſitions, flake-white, and 
white-lead ſhould be wholly rejected, becauſe the 


lighteſt touch with either of theſe will unavoidably 
turn black, h 


The uſual objection to 3 paintings j is, that 
they are ſubject to change, but whenever this hap- 
pens, it is intirely owing to an injudicious uſe of 
the above-mentioned whites, which will ſtand only 
in oils. To obviate the bad effects ariſing from 
the uſe of ſuch crayons, let the ſtudent make uſe 
of common ating prepared in the following 


« manner : 


Take a le veſſel of water, put the dag 
into it, and mix them well together ; tet this ſtand 


about half a minute, then pour off the top into 


another veſſel, and throw the gritty ſediment _ 
er 
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let what is prepared reſt about a minute, and then 


pour it off as before, which will puriſy the whiting 


and render it free from all dirt and grittineſs. 
When this is done, let the whiting ſettle, and then 
pour the water from it; after which, lay it on the 
chalk to dry, and keep it for uſe, either for white 
- crayons, or the purpoſe of preparing teints with 
other colours, for with this, all. the other teints - 
may be ſafely prepared. If the ſtudent chuſes to 
make crayons of the whiting immediately after it 
is waſhed, it is not neceſſary to dry it on the chalk, | 


for it may be mixed inſtantly with any other co- 


lour, which will ſave conſiderable trouhle. All 
colours of a heavy, or gritty nature, eſpecially blue 
verditer, muſt be Pg by walhing e after this 
method. 


The ſtudent muſt be e h a kde Y- 
flexible pallet-knife, a large ſtone and muller to 
levigate the colours, two or three large pieces of 
chalk to abſorb the moiſture from the colours af- 
ter they are levigated, a piece of flat glaſs to pre- 
vent the moiſture from being abſorbed too much, 
till the colours are rolled into form, and the veſſels 


for water, ſpirits, &c. as hebellity and convenience 
ſhall direct. | | 


* nin 


| CARMINE and LAKE. 


IT is rather difficult to procure either RK 
| carmine 
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carmine or good lake Good carmine is inellned 
to the vermilion teint; and ſhould be an impalpa- 
ble powder, and good lake to the carmine teint. 

The carmine en are ane " the following 
manner: 1 


| As theie regre'istictinables larhed, et 

of grinding and rolling theĩm take a ſufftcient quan- 
tity of carmine, lay it upon the gritiding-ſtone; 
mix it with a levigating knife with ſpitits o wine, 
till it becomes ſmooth and even; yet'tlie lefs fric- 

tion produced by the Kite the better. The chalk- 
ſtone being ready; lay the colour upon it to ab. 
ſorb the ſpirit,” but be careful that ĩt is laid on in 2 
proper ſhape ſor painting. If it is Tevigated'too' 
thin, the crayons will be too flat, and if too thick; 
it will occaſion a waſte of colour, by their adhering 
to the pallet-knife ; but practice will render the 
| proper degree of ane familiar. 


When thus made, if the carmine crayons ſhould. 
prove too hard, they muſt be reduced to an im- 
palpable powder in a mortar, and again mixed in 
the fame manner tilh ſoft enough for uſe, which 
will not be if the carmine be ground by the muller 


with any fluid. 


The ſimple colour * prepared, the next 
ſtep is to compoſe the different teints by a mixture 
with whiting; the proportion to be obſerved con- 
ſiſting of twenty gradations to one, which may be 
clearly underſtood by the following directions: 

take ſome of the ſimple coleur, and levigate - 


h ff f addi bout one of 
with ſpirits of wine, ing a paſt . 
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waſhed erkicng lncheixipaiexaticaianina/ofaiiich | 
| when properly incorporated, make two parents. 
The next Eur ſhould be compoſed of equal | 


quantities - 
crayons may be! — 2 Phe third eongpoſirion 5 
ſhould-have ont fourth clurinine, and thrde fourths 
umiting, ofthis: nake fix crayons} Which will be a 
good proportion with the veſt, "The laſt teint 
ſhould be made of Whiting, very faintly tinged 
with carmine; of which make about eight crayons, 
which will compleat the aboue-mentibned propor- 
tion. As theſe compound teints are leviggted, 
they. ate te bd laid immediately upon the chalk 
that the moiſture; may be abſorbed to the proper 
degree of dryneſs for forming into erayons; which 
may be known by its loſing che greatelt part of its 
adheſive quality when taken into the hand: if the 
conſiſt is f to be right, it be then 
laid 1 the ee Haring ba wa 
prevent the moiſture from becoming 

fore it is convenient to form it 0 80 Abe 
otherwife the ctayons would be full of cracks and 
very brittle, which will be a great inconvenience 
N they ate uſed in painting. A * FE 


Ne 1 27 rar ue 

N. B. Thowgh choſe int, made with whiting 
may be ralled, yet the pure carmine will/not bear 
ir, but muſt be left on the ang nary e = 
IT ui, 


15 A * E 
6k colour very apt to be hard ; to prevent 
L which 


=, Atiich: the udenrinaſ Werte folloving re 
ziculars-: See, Wb ** Fan 


e half the PORES . 
the erayons, and grind it very fine with ſpirits of 
wine; let it dry, and then pulverize it, which is 
.calily/ done if the lake is good ; then take the 
other half, and grind it with ſpirits, after which 
mis it mith the pulverized lake, and lay it out di- 
rectly in crayons on the chalk. The colour will 
not bear rolling. The ſunple colous being thus 
prepared, proceed with the compound crayons, as 
directed before, and in the ſame degrees of grada- 
tion as the carmine teints. If theſe; ſhould prove 
too hard when made, let chem be again e 
and ben as een, uud 


1 An | 4 Ve, 


weten, of Nav Selbe „ 1 


I riot Seh ay ar. 

, 1 bel is cling to. the carmine t teint. 
To prepare this colour mix it on the ſtone with 
ſoſt water or ſpirits, after which it may be rolled 
into crayons. It is ſometimes, indeed, inelined to 
be ſo very ſoft as to return again to powder, and 
cannat be held in the fingers, which may be reme- 
died by mixing it up with thin water-gruel well 
ſtrained, which will. give ſufficient cheſion. The 
different teints are produced by a mixture of che 
_ fimple colour with whiting, "Rs to the pro- 
e already oo; 6 


[1 
3 


1 


"IP | * * 4 - 
. - 
- =. 
” < F | \- + 
4 * * , * —__ k * 
” p * 7 . . 
* . + - . y Spy +4 p 168 . 
4 * 1 X . 1 — 4 4s « 4 * # 4. — ” 
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or 1 1 „ N - 
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whitings as directed in the former inſtances, and 
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18 a colour ver) apt to bin cath denied 
ſoft with more difficulty "Kan carmine and lake: 
The ſame method preparation i is to be folloget 
with this, as directe with reſpect to lake, only it is 
neceſſary, to rind à larger g quantity of, the pure 
colour, as it 1 1 chiefly Thar for painting, d raperies. 
The different teints may be made according tt to ne- 
* or che N of the 2885 ve tha 


x N 
# 1 , <= j I 
1 * A . 


"BLUE. VERDITER. 
"76 ” * naturally g gritty, Fo. 8 mT is 
neceſſary to waſh it well. Its particles are. ſo 
as to require ſome binding matter to unite 
them, otherwiſe. the crayons will never adhere. 
together; To. accompliſh this, take 2 quantity. 
ſufficien t to form two or ae to which 
add à piece of ſiſted plaſter of Paris about the 
ſize of a pea; mix theſe well together, and form 
the crayons upon the chalk. Thi blue is extreme- 
ly brilliant, and will be of gre in heightening 
draperies; &c. The teinta ravſt be formed with 


are highly ſerviceable for paintiag fleſſi, to pro- 
duce thoſe pearly teints ſo beautiful in crayon 
pictures. It is not neceſſary to mix the com- 
pounds with ſpirits, as clear water OE be n. 


ceriegt. * lle d 11:16 167 z 
L 2 CRE NS. 
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Banzer grgens are prodyced with great dif- 
ficulty, which may be procured . of thoſe who 


make it their buſineſs to prepare them; 2 7 the 
fgllowing Krppatk ee will be found uſeful. | 


| Ted b brill ant an 0 Pa fie the 
| ſtudent. bak. his ſet with, of. Which he will 
find great want bo in the browns and deep reds, 


: 
* 


as well as it the greens; but in general he ſhould 


be careful what white or light crayons he uſes, 
that they are not compounded by the maker with 


flake - white, a trial may be made of one of them, 


thus: bruiſe the crayon to a powder between the 
| finger and thurgb, and mix it wich an equal quan- 
tity of charcbal-duſt, put this Intb 4 erheible, 


phich muſt be placed in a flerce fire; till the char- 


coal duſt is confumed, and if the crayon be wade 
with flake- White, the lead will returtt bo Its origi- 

nal *hetalic Aa, Cate ntly theſe light eray⸗ 

ons afe not fit for- uſe in this chirnate, 28 the leaſt 
2 will make thetm tütn black, yet notwith- 

. ſtanding the dark colours will be e monk 

and may be uſed Without dang 


1-4 21 e 8 7 2 YA 


\ Pake-yelldweoker, and ae! ee it h 
| powder of Pruſſian blue, 

then temper᷑ it with a knife, and lay the crayons on 
the chalk, without rolling them: | beſides this, uſe 
king's yellow mixed with Pruſſian blue, brown 
oker and Pruſſian blue. Roman vket and Pruſſian 


ſpirits, min it with the 


blue ö in different N will be — 


—_2 1 mm. 
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The orayons made of: theſe: laſt mn be role 
Vaflour teints may:beoptoduregr by theſe .golours, 
abcbrhiag 0 fate op neceffity;! ſume 20 purtite 
more ef dh blue, and others of th pe. üer 


ni des wet , N 5 97019 Fi gt. 30 1115 
Kitt: Bo. Þr 21 8 ws 1116 angie 


Y E * 1 60 an! W,; Wn, Gin ' 
k ING s ELL OW. 


e wu nd mot ley ie 

wit ſpirits, of wine, erent 

teints as before Re "8, OMP oker + and Na- 

ples yellow, ground with 3 will make uſeful 
q 


crayons. LL 1 1 4 J 


Un 3: wen 0 NK N 'G Pit 122 an 
oe ns: VIEW! HE 0 be 30 ee 1 „ . 97 
IS produced with nge Nhe g benen 
ground. together with ſpirfts; and the teints forrried 
a5 In other caſts] bt 0 great quaftity of chen; 44 


fequirey: * Yo e 100 SE, o 19915 


| 


BRO. W Ns. 
C.UAJLE NS EARTH: 


_— 18 dfac:dark-brown; Aſtet Ir dr eig of he 
imple craybtis are prepared, ſeveral: rich com- 
pdund ſteinea may he produced rem id, by 4 min- 
ture with-cartnines in various degrees 5 black, cer- 
mine, and this coloum ahined together, make uſe- 


fyl _ for paintjng hair; ſeveral gradations may 
ivo be 
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ba peadueed Gonteach ef thats hy-n mene with 
Whiting. Roman, and browmoker are encellent 

3 colours, either ſimple; or compounded with car- 
mine. 1 with 
either of theſe, will prove very ſerviceable in 
painting; — ſea-coal, l and mixed 
with carmine is à fine brown, .. ; 


| BY 


bn 


MA be treated i in juſt the faine ina, o only 
. it is eee it with [ſpirits e 


; TY 0 14 E r 
7 'U * * 1 >; E S. nb 
- PRUSSIAN blue 8 a 5 
War with pulverized lake, will produce a good 
purple. Carmine thus mixed with Pruſſian blue, 
ws produce a purple ſomething, different from 
the former. Various teints may he made from 
either of theſe ben ae oy OI 
Whiting. 


CES 


2 
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18 che only: full-black chat en be-uked wich 
 ſafery, as all others are ſubject to milde wn bur at 
good lamp- black is very ſcarce, the ſtudent will, 

perhaps, find. jt malt erbeten un make it melt, 
he proce of wich is an olle 


Eats eee ert ln Pr 2 FA 
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Provide x tin cone, fx it over. 1 lap ax ſuch a 
beige that che · flame may. juſt reachi the cone for 
the ſoot. to gather wichin it Wen a fuff dient 
duantitx is collected, take it ee bor lt 
greaſe from it in a 'crveible.- It muſt then, he 
ground wich Ipirits, and laid on the challt 0 ab- 
ſorb the moiſture. Various grey teints may; he 
formed from this by a mixture with Whiting, 38 
mentioned in former inſtances. wan . 
1 ad wt; Wee De ohn 


reer 8461 1 4860 2 
N 0 carmine. - lh A 71 
poſition of great uſe, and teints {7's rom 2 


with whiting, wh be andere re 4 


xi 


3 and black i is 3 8 = 
of which five or fix gradations ſhould be made, 


king more of the black, and others 
carmine moſt iin n n 
by a mirküte with Whitin 


. ln an 


hank 


. vere * 7 


„Cie; ind bläck is alſo a very — 2 
ind, from Arnd ſeveral e reinits Would 


21 8 3 | 


rcd 55 


5 AT Mn thorn 

| /Profan blue and black: is another good com- 

pound, and will be. eee r "lk 

painti 25 

a 8 7885 Fae Bas ; van 74 
— Ht whe fehin: | 

ing every teint neceſſury in compbling 1 ſct of 

crayons, there being many accidental . 

tions, intirely dependant on füney und bpinion. 

rie ſtudent ſhould make it's fle ib ve the 
2 leaving 


85 utveric-aatvotr- ng 


+ leovings of bis calaury, for.of e 
Inzious $eantis-whiob will ace, be wleful, 


NN. BY k 
ber, town ker, er; Naples Felt, 


riber;, Black a —— AFG. 
Jer to dbl dt a White kind of Cale; wle ova 
Fhjure' che picture, i the following method ö 
are them be nöt ſtrictly obferved : grind them 
extremely fine with diu. and ſepatat f pike them 
into a large glazed” veſſeh Aled With boiling 
water. er. the colour has been well ſtirred, 
5 Tm Ce reci tate ; "then, pour 61 the" Water, 
| Take away the Lr and 16d the 
ke Seca, prepared for Wall Erdyons 
after it has been dried c on n the Ne and « 25 
Weriaed | 00 3 54705 be A5 


RHI 9G Wer 2010 berg 7e 10 wil coin 
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. compoſitions. af colors. muſt 
hes joro a proper magnitude after they are pre- 


pared, in order to be rolled into paſtils for the on- 
venience of uſing them. Each crayon ſhould be 


formed in the leſt hand with the ball of cha right, 
fir farmed. cyliagrically, and then tapered at cach 
end, If the compoſition is too dry, dip the finger 
in water, if too wet the compoſition muſt be 
laid upon the Shalk again, to abſorb. mare of the 
Woſtiure. The crayens ſhould be rolled as quick 
n poſſibie ; and when finiſhed, muſt be laid upon 
tha che kiagain, 0 ahſorhꝰ all remaining mdiſture. 
After the gr ads tian of deints from one colour ate 


formed, 


* - 44; $$" 
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formed, the chalk and the grinding tone ſhould 


be well ſcraped and cleanſed with water before it 
is uſed for another colour. 


When the ſet of crayons NG YN” Zeb 
ing to the rules preſcribed, they ſhould be ar- 
ranged in claſſes for the convenience of painting 
with them. Some thin drawers, divided into a 
number of partitions is the moſt convenient me- 
thod of diſpoſing. them properly. The crayons. 
ſhould be depoſited according to the ſeveral gra- 
dationg of light. The bottom of the pickt 
muſt be covered with bran, as a bed for the co- 
lours, becauſe it not only preſerves ben clean, 

but prevents their breaking. 


The box made vſe of when the ſtudent paints, 
ſhould be about a foot ſquare, with nine partitions. 
In the upper corner, on the left-hand, (ſuppoſing! 
the box to be in the lap when he paints) let him 
place the black and grey crayons, thoſe being the 
moſt ſeldom \ uſed; in the ſecond partition, the 
blues; in the third, the greens and browns; in 
the firſt partition on the left hand of the ſecond 
row, the carmines, lakes, vermilions, and all deep. 
reds ;. the yellows and orange in the middle, and 
the pearly teints next; and as theſe laſt are of a very 
delicate nature, they muſt be kept very clean, 
that the gradations of colour may be eaſily di- | 
ſtinguiſhed : in the loweſt row, let the firft parti- 
tion contain a piece of fine linen rag to wipe the 

crayons with while they are uſing; the ſecond, all 
the pure lake and vermilion teints; and the other 


partition r contain thoſe teints, which, from 
M their 


dS 
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their complex Hanis, cannot be 3 with any 
of the n, ay 


ew! 10 * who paint in Waren- color, 
| re bes Gou-Warzs. | +44 


DISSOLVE one ounce of pure ite 8 gum- 


arabic, and half an ounce of double-refined ſugar, 


in a quart of ſpring water; ftrain it through a fine 
ſteve or a piece of muſlin, and bottle it off for uſe, 
| dry it Foy from duſt. 


AxorHER WAV. 


TAKE ſome gum- arabic of the whiteſt ſort, 
bruiſe it, and tie it up in a piece of woollen cloth, 


and ſteep it in ſpring water in a glaſs or earthen | 


veſſel; till it be diſſolved. If it be too Riff, add 
mote. mer, 0 thin, more Sum. 


w ith tits water you may temper moſt of your 
colours; uſing ſuch a quantity, that being touch- 
ed when dry, the colour will not come off, If 
the colour ſhines, there Is too 8 gum in it. 


To keep the F LIES * "Bank your Work. 


W H EN you | have iow your gum-water 
according to either of the foregoing directions, 


add — a little coldquintds, which will pre- 
| ſerve 


wn 00 i ep Ms 2, 


0 


G 
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ſerve your work, when _ from = HO au 
by the flies, - UNH e 


To make LI GUID GO 5 bor VIIE Un 
ö K. : 115 


GRIND the fineſt leaf-gold with ſtrong | gum: | 
water very fine, adding as you grind it more gum- - | 
water as you. ſee: neceſſary. - When you have | 
ground it as fine as you can, waſh it in a large | 
ſhell ; then temper it with a little metcury-ſubli- | 
mate, bind it in the ſhell with a little diffblved © 
gum, ſhake and ſpread it equally all over the ſhell, 

and uſe it with fair, water.only, Thoſe who do it 
not chuſe to make, may buy the ſhells ready pre- WW 
pared, a at the colour _ at a a, wY Price, ö 


+ * =+ *4q- 


To | make L141 s11 11 for the fam 
Paurpoſe. 
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THE OT for this is the ſame wich that 
of liquid gold, only obſerving in the uſing it to 
temper it with glare of eggs inſtead of water. 


To make the GLARE of Ecos. 


T AK E the whites, and beat then with. a 
ſpoon till they riſe all in a foam; let them ſtand 
all night, and they will be clarified into good 
gl are, 

M 2 ED To 
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To. recover Lriqviyr 8 Pe ds con- 
| tracted. Rus r. | 


IF your ſilver, by length. of time or Jami Wea- 


ther, become ruſty, cover that part of your work 
with juice of tina which will * reco- 


ver it. 


I, E 


To keep the Couovns s from a Gnking: 


BOIL four ounces of ab alien in a pint 
of if peine water, till it is . difſolved 


$.+ we. 


8 
uſe. e 


Bede you . on your colours, cake a ſponge, 

and wet the back of your paper with this water 
| while it is hot. This will not only prevent the 
colours from ſinking, but will likewiſe give them 
an additional beauty and luſtre, and preſerve them 
from fading. If your paper is not good, it mult 
be waſhed three or four times: with this waters dry- 
ing it wy time. | 


If your prints are to be varniſhed, waſh them 
all over with white ſtarch bean you TW to lay 
on porn colours. 


Coy 


To make gab for painting Sees, and er 
eee Pisc s. 


STEEP a. quarter of a pound! of Pl dale 


0 
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of white glove· leather in water for ſome time ; 
then take . ih out, and boil them in three quarts 
of water, till it waſtes to a pint, and ſtrain it 
through a cloth into an earthen pan. When the 

ſize is cold, if it feel firm under your hand, it is 
ſtrong enough. Lou may Prepare any colours in 
this ſize- while it is warm, and it will take off the 
glare which would appear upon them by 21 8 of 
light, if mixed TOO gum- water. | 


'To recover CoLours when decayed. 


TAKE planter double-diſtilled, or pure 


ſpirit of roſemary, and with a few drops of it tem- 
per your colours, which, however dead and faded, 
all recover x their bloom and Sr | 


This'v water or ſpirit will en the bubbles 
in white and humber, which are troubleſome 1 in 


grinding, 


7 
| 4 


The Method of GLAziNG Pairs with white Vase 
niſh, ſo as to bear Water and a Poliſh. | 


THE beſt method for this Purpoſe is firſt to 
paſte your print on a board, or a piece of ſhock- 
cloth ſtrained on a frame: to do this well, prepare 
ſome ſtiff ſtarch, and with a ſponge dipped in wa- 
ter, ar thin ſtarch, wet the back of your print; 
and if you deſign to lay it on à hoard, dip 2 large 
bruſh in the thick ſtarch, and bruſh ir over the 
board as eyen as poſſible; - and let ĩt dry: then 4 
ſecond time repear he Tame — and con- 


tinge 
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tinue it till the veins or grain of the wood are 
quite filled. In the laſt operation, when the 


ſtarch is juſt laid on, lay your wet print upon it 
as even as poſſible; preſs it cloſe every where 
till it lies ſmooth, and ſo let it dry. In this 


operation let your hands be clean, to prevent ſoil- 


ing the print, and in about twenty-four hours it 


will be dry * to varniſh over with the follow- 


ing one: 


Take iſinglaſs one ounce, and pulling it into 


- ſmall pieces, boil it in a gill of brandy, or ſome 


other ſtrong ſpirit, in a glazed pipkin and when, 
by taking out a little, you find it will make a 
ſtrong glue, by being expoſed to the air, it will 


anſwer the purpoſe. Having made this glue as 


ſtrong as you can, while it is hot, waſh over the 
print with it, by means of a bruſh, as quick as 


poſſible, and let that ſtand for a day or fo;. 


waſh it over again in the ſame manner, and let 
it dry well: afterwards bruſh it over at ſuch a 

_ diſtance from the fire, that it may not be too hot, 
otherwiſe it will bliſter : do cls alſo two or three 


times Over. 


Then ſet it up for a PIO or two, Wee bruſh it 


over again with the varniſh three or four times, 
and let it ſtand aday or two, Afterwards varniſh 
it a third time, and in three or four days poliſh it 


with a ſoft linen cloth, and ſome fine Tripoli oil, 


rubbing it very gently till it remains as ſmooth as 


poſſible; and cleaning it with flour and oil, it will 
then * as bright as chryſtal; ; and if it n 4 


mm a@roe+a aa ww ine oa. oa > 
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at any time be ſoiled by flies or the like, you may 
waſh it N 7 a ſponge and water, which will clean 
It. ml Bot ed nd Es oa AER, ebebes 


Wy © white varniſh is made as follows: take of | 
the cleareſt and whiteſt ſort of gum ſandarach 
one pound, gum maſtich one ounce, gum .ſarco- 
colla one ounce and a half, Venice turpentine 
three ounces, benzoin half an ounce, white reſin 
half an ounce, and gum- animæ an ounce and a 
half: then mix and diffolve theſe different ingre- 
dients in the following manner: put the ſarco- 
colla and reſin into a little more ſpirits than will 
cover them, to diſſolve therein: then put the 
gum-anime, benzoin, and Venice turpentine into 
a glaſs or glazed veſſel, and pour on as much ſpi- 
rits as will ſerve to diflolve them; and in like 
manner diſpoſe of the gum- maſtich and ſandarach 
in a ſeparate glazed veſſel, and in another of the 
ſiame ſort put the n = ſpirits ſufficient 
to diſſolve it. | W df adds 


In chis proceſs, let it de obſerved that the gums 
_ anime, farcocolla, and benzoin, muſt be pulve- 
rized, while the ron DG only be a little broken. 


Wuile theſe ges are diſſolving for hw or 
four days, ſhake the bottles twice or thrice a day, 
after which put all the mixtures together in a 
glazed veſſel, ſtirring them well ; and then ftrain- 
the liquor and gum gently, beginning with the 
latter, through a linen cloth, which will prevent 
any filth getting into the varniſh, Afterwards 

put 
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ut it into a bottle, and letting it ſtand a week 
fore you uſe it, pour off as much of the clear 
part only as you may want for preſent uſe. 


If you put your print upon ſhock-cloth well 
ſtrained in a frame, bruſh over the cloth with 
ſtrong paſte made with flour and water, and im- 
mediately bruſh over the back of your print with 
well prepared ſtarch: then bruſhing the cloth 
over again with the ſame ſtarch, lay on your print 


as ſmoothly and equally as poſſible. - Let 


them remain thus in a dry warm place for a 


day or two, and then varniſh your print with the 
glue made of iſinglaſs, as already directed, and 
then with the white varniſh. 


With this varniſh you may mix up any colour 


that has been ground dry upon a marble, and paint 


with it ; upon any figure you have drawn, or u - 
any print you have paſted upon your work: 


the varniſhed colours ſhould be en 5 ho 
the ſhady parts. 


A varniſh of ſeed-lacca is made as follows : put 
a quart of ſtrong ſpirits into ſix ounces of ſecd- 


lacca into a large glaſs veſſel, and ſhaking it often 


let the mixture ſtand for two days : then paſs the 
liquor through a flannel-bag or the like, and 


ſqueezing the gums every now and then, till all 


s ſtrained and nothing but the dry gum remains, 


put it into bottles, keeping them cloſe ſtopped till 


you perceive all the thick parts ſettle to the bot- 
n. which will be in three or four mt then 


pour 


8 OO WE} * . ro EO Ts, 
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it will be fit for uſe. 


of Brzps, Frowxxs, &c. in japanning. 


IF the prints or drawings of flowers be in black 
and white, and the center of the flower be riſing, 


then touch the edges of the lights with a thin tinc- 


ture of gamboge, and lay on ſome Dutch pink, or 
gall-ſtone over the ſhades, ſo as to run into the 
lights but a very little. This is to be done by 
reaſon that the thrumbs in the middle of flowers 
are generally yellow, but if they are of any other 


colour, as blue, in proportion as they are lighter 


or darker, the verges of the lighter ones are to be 


touched with a little ultramarine blue, and over 


the ſhades, either ſome Saunders blue to run 
a little into the ultramarine, or elſe indigo; and 


ſome of the white of the print being left void of 


colour, will then give life and ſpirit to 99 colours 
ſo diſpoſet. 


Al the FUSE ſhould be rendecly 7 in 


the light parts; juſt to give a little glare to the 
light parts of the colour you would give to the 
flower-leaves:. and if you paint from a. natural 
flower, you will preſently ſee that you muſt lay 
on the moſt ſhady part ſuch a colour as will 
force the reſt to appear forward: however, you 
are not to daub over the ſhades with too heavy 
a colour: let it rather be ſuch if poſſible as may 
be rn and mix that into the light co- 
N 
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pour off the clear liquor into another bottle, and 


Directions for colouring of Dx Auours, or Pr 
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lour that was laid on before. The pencil, upon 


this occaſion, muſt be uſed lightly, with very little 
gum-water in. it, and before the colours are quite 


. 


In bande che an of olants and herbs, re- 
gard muſt be had to the colours of the greens, - 
that ſometimes being the chief diſtinguiſhing cha- 
rater. Of greens, verdegreaſe is the lighteſt, 
therefore that colour ſhould be touched into the 
hghreſt parts of the leaf, from the place where the 
lighteft parts of the ſhades end: and then on the 
. ſhady parts lay ſome ſap- green, ſo as to unite with 
the verdegreaſe-green; and if the natural leaf be 
of a darkiſh colour, touch the lighter ſides of the 
teaves with a little verdegreafe-green and Dutch 
yellow pink mixed together, or with a tincture of 
French "berries, bus ie ns fo let the yerdegreaſe 
Sme more than the pink. 


The having the lights l a print, 
kas two advantages, viz. if the lights be left on 
this occaſion, the whiteneſs of the paper ſerves 
inſtead of uſing white paint, which is a heavy co- 
lour, and would rather confound thoſe that have 
been prefcribed to be laid on, than do them any 
ſervice; but the colours before directed, when there 
is no White laid on, will ſhine _—_— into the 
5 ite of the paper. | 


General Obſervations in 3 to V.achenmo⸗ 


an vaniing woo, ler it be very finooth, 
Cloſe 


| MISCELLANEOUS ARTICLES. 99 
clofe grained, free from greaſe, and Wer with 
ruſhes. | | | 


Lay on your colours as ſinootk us poſſible, 2nd 
if the varniſh has any bliſters in it, take them off 
by a poliſh with ruſhes. | p _- 

In laying on the yarniſh keep FRI warm, 
but nat too Hot, 


Begin in the middle, Sad ſtroke the bruſh to the 
outſide ; then to another extreme part, and ſo on, 
till all is covered: for the bruſh, was you to begin 
at the edges, would leaye * __ and make 

the work unequal, 


Ihn fine works, uſe the fineft Tripoli for poliſh- 

| * do not finiſh your poliſhing at one time, but 
after the firſt poliſhing, let it dry two or three days, 
and poliſh again for the laſt time, 


In the firſt poliſhing you may uſe a good deaf 
of Tripoli, but in the laſt a very ſmall quantity 
will ſerve the purpoſe, Waſh off the Tripoli 
with a ſponge and water; dry your varniſh with 
a dry linen-rag, and clean your work with oil, 
une and lamp-black. 


bow to waſh 6 ſo as to look like S1LYER, 


TAKE ver, or gold-lace, half an ounce, add 
thereto one ounce of double refined aquafortis, 


PAR Sens yo and place them over 
| Na : 2 gentle 
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a gentle fire till all be diſſolved, which will hap- 
pen in about five minutes; then take it off, and 


mix it with a. pint of clear water, after which, 
pour it into another clean veſſel to free it from 


grit and ſediment; and then add a ſpoonful of 


ſalt, and the green water will immediately let go 
the filver particles, which will form themſelves 
into a white crud ; then pour off the water, and 


throw it away, for it is of no further uſe. The 


white crud muſt then be mixed with about two 


dounces of ſalt of tarter, half an ounce of whiting, 


and a large ſpoonful of ſalt, more or leſs, accord- 
ing as you find it for ſtrength. Mix all well up 


| . andi it is ready for uſe. 


Hoy to SILVER Bas, &c. 


HAVING well cleared the brats from alj 
fcratches (otherways it will ſpoil its appearance), 
rub it over with a piece of old hat and rotten-ſtone, 


to clear it from all greaſineſs, then rub it with 


falt and water with your hand ; then take a little 


of the before mentioned compoſition on your 


finger, and rub it over where the ſalt has touched, 
and it will adhere to the braſs, and appear as well 
as ſilver; after which, waſh and ſteep it in plen- 
ty of clear water, to kill the aquafortis which re- 
mained in the compoſition; and, when dried with 


a clean hot rag, it is then _ to be OR: 


To make white — for Br Ass. 


TAKE ſpirits of vine ehighty W one 
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28 which, divide into four parts ; then mix one 
part with half an ounce of gum maſtic, in a phial 
by itſelf, - one part ſpirits, and half an ounce of 
gum ſandarach in another phial, one part ſpirits, 
and half an ourice of the whiteſt parts of gum 
benjamin ; then mix and temper them to your 
mind. No rule can further inftru& you, un- 
leſs the quality of the gums and ſpirits could 
de aſcertained. It would not be amiſs to add a 
very little bit of white roſin, or clear Venice 
curpentine, in the maſtic bottle, it will aſſiſt 
in giving a gloſs: if your varniſh ſhould 

rove ſtrong and thick, add clear ſpirits, if too 
— 5 pour from the maſtic bottle, if too ſoft, a 
little: from the ſandarach, or benjamin. When 
you have brought it to a proper temper and ready 
for uſe, warm the ſilvered plate (if a clock face, 
not too hot as to melt the wax) before tie fire, or 
upon a hot heater, and with a large flat camel's- 
hair bruſh, or a clean linen rag lapped up, - and 
dipped in the varniſh, ſtroke it quickly over, 
while there be no white ſhades appear, and it will 
preſerve the ſilver on many years. 


The Conſtruction and Uſe of the Bison or 
WXATHER GLass, an Inſtrument for meaſuring 

the Weight of the Atmoſphere, and of Uſe in 
foretelling the Changes of the Weather, and 
alſo for meaſuring the Height, of Moun- 


tains, &c. 


THE common barometer conſiſts of a glaſs 
tube 5 ſealed at. one end, and filled 
oY with 


11. 
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with quickſilver, well defecated and purged of 
its air. The finger being then placed on the 
open. end, in immediate contact with the mercu- 
ry, ſo as not to admit the leaſt particle of air, the 
tube is inverted, and the lower end plunged into 
a baſon of the ſame prepared mercury; then, upon 
removing the finger, the mercury in the tube will 
Join that in the baſon, and the-mexcurial column 
- In the tube will ſubſide to the height of twenty- 
nine or thirty inches, according to the ſtate of the 
atmoſphere at that time. This 1s the principle 
upon which all barometers are conſtrued, - 


In the beginning of the laſt century, when the 
doctrine of a plenum was in vogue, philoſophers 
were of opinion, that the aſcent of water in pumps 
was owing to the abhorrence of a vacuum; and 
that, by means of ſuction, fluids might be raiſed 
td any height whatever. But Galilzo, who flou- 
riſhed about that time, diſcovered that water 
would not aſcend- in a pump unleſs the ſucker 
reached within thirty-three feet of its ſurface in 
the well. From hence he concluded, that not 
the power of ſuction, but the preſſure of the at- 
moſphere was the cauſe of the aſcent of water 
in pumps; that a column of water thirty-three 
feet high was a counterpoiſe to one of air of an 
- equal baſe, whoſe height extended to the top of 
the atmoſphere ; and that for this reaſon the wa- 
ter would not follow the ſucker any farther. From 
tis Torricelli, Galilzo's diſciple, took the hint; 
and conſidered, that if a column of water of 
about thirty-three in height was equal in weight 


to one air having the ſame baſe, a column of mer- 
_ 


"Lo 
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cury no longer than about twenty-nine/inches and 
a half would be ſo too, becauſe, mercury being 
about fourteen times heavier than water, a column 
of mercury muſt be fourteen times ſhorter than 


one of water equally heavy. Accordin gly, having 
filled a glaſs tube with mercury, and inverted- it 
into a baſon of the ſame, he found the mercury in 
the tube to deſcend till it ſtood about twenty- 
nine inches and a half above the furface of that in 
the baſon. 


0 lt was, however, me time Fe the e Torricel- 
lian experiment had been made, and even after 
it had been univerſally agreed that the ſuſpenſion 
* was owing to the weight of the at- 
moſphere, before it was diſcovered that this preſ- 
ſure of the air was different at different times, 
though the tube was kept in the ſame place. But 
the variations of altitude in the mercurial column 
were too obvious to remain long unobſerved; and 
accordingly philoſophers ſoon became careful 
enough to mark them. When this was done, it 
was impoſſible to avoid obſerving alfo, that the 
changes in the height of the mercury were accom- 
panied, or very quickly ſucceeded, by changes in 
the weather. Hence, the inſtrument obtained the 
name of the weather-glaſs, and was generally 
made uſe of with a veiw to the forcknowledge of 
the weather. In this character, its principal phe- 
aomena are as follow: 


1. The riſing of the mercury preſſages, i in 3 
ral, fair weather; and its falling, foul weather, as 
rain, ſnow, high winds, and ſtorms, b 
ie 2. In 


_ = . 
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2. In very hot weather, the falling oF hs mer 


* cury foreſhews thunder. 


3. In winter, the üng . froſt; —F in 
froſty weather, if the mercury falls three or four 
diviſions, there will certainly follow a thaw, But 
- ina continued froſt, if the n nien it will 
by bed ſnow. - 


as When foul wether . fon 2 22 

- falling of the mercury, expect but little of it; and, 

on the contrary, expect but little fair weather when 
it proves fair ſhortly after the mercury has riſen. 


5. In foul weather, when the mercury riſes 

much and high, and ſo continues for two or three 

days before the foul weather is quite over, then 
f expect a continuance of fair weather to low. 


6. In fair n when the mercury falls 
much and low, and thus continues for two or three 
days before the rain comes; then exper a great 
. deal of wet, and Gy high winds. 


7. The unſettled motion of the mercury de- 
notes uncertain — . N 


3. You are not fo trialy to hits the . 
engraved on the plates (though in general it 
will agree with them) as the mercury's riſing and 
falling. For if it ſtands at much-rain, and. then 
riſes up to changeable, it preſages fair weather; 


> W not to continue ſo long as if the yon 
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had riſen higher: and ſo, on the contrary, if the 
mercury ſtood at fair, and falls to changeable, 
it preſſages foul weather; though not ſo much of 
it as if it had ſunk lower. 6 


From theſe obſervations it appears, that it is. 
not ſo much the height of the mercury in the 
tube, that indicates the weather, as the motion of 
it up and down: wherefore, in order to paſs a 
right judgment of what weather is to be expected, 
we ought to know whether the mercury is actually 
riſing or falling; to which end the following rules 


are of uſe. 


1. If the ſurface of the mercury is convex, 
ſtanding higher in the middle of the tube than 
at the ſides, it 15 generally a ſign that the — 
is 2 riſing. 


2. If the ſurface is concave, it is then finking; 
and, | bs 


2 If it is plain, the mercury is ſtationary, or ra- 
ther, if it is a little convex; for mercury being put 
into a glaſs tube, eſpecially a ſmall one, will natu- 
rally have its ſurface a little convex, becauſe the 
particles of mercury attract one another more for- 
cibly than they are attracted by glaſs. Further, 


4. If the glaſs is ſmall, ſhake the tube; andi if 
the air is grown heavier, the mercury will riſe 
about half the tenth of an inch higher than it ſtood 
before; if it is grown lighter it will fink as much, , 


This proceeds from the mercury's ſticking to the 
O ſides 
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ſides of the tube, which prevents the free motion 
of it till it is diſengaged by the ſhock : and there- 
fore, when an obſervation is to be made by ſuch a 
tube, it ought always to be ſhaken firſt; for ſome- 
times the mercury will not vary of its own accord, 

on the weather it ought to have indicated is pre- 
_ lent. Fs 


Here we muſt obſerve, that the above-mention- 
ed phenomena are peculiar to places lying at a 
conſiderable diſtance from the equator; for, in 
the torrid zone, the mercury, in the barometer, 
ſeldom either riſes or falls much. In Jamaica, it 
is obſerved by Sir William Beefton, that the mer- 
cury, in the morning, conſtantly ſtood at one de- 
gree below changeable, and at noon, ſunk to one 
degree above rain; ſo that the whole ſcale of va- 
riation there was only # of an inch. At St. He- 
lena, too, where Dr. Halley made his obſervations, 
he found the mercury to remain moſtly ſtationary 
whatever weather happened. Of theſe phanome- 
na, their cauſes, and why the barometer indicates 
an approaching change of weather, the Doctor 
gives us the following account: 


1. In calm weather, when the air is inclined to 
rain, the mercury is commonly low. 


2. In ſerene, good, and ſettled weather, the 
mercury is ny high, 


3- Upon very great winds, though they be not 
accompanied with rain, the mercury ſinks loweſt 


. Sk A 
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ly ſtands 
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of all, with relation to the point of the compals the 
wind blows won, 


Wy Cxteris paribus, the 3 05 of the 
mercury are found upon earſterly, or north-eaſter- 
ly winds, 


5. In 9 froſty weather, the mercury general 
OY 

6. After very great ſtorms of wind, when the 
mercury has been very low, it generally riſes again 


yery faſt, 


7. The more northerly Xt have greater al- 
terations of the barometer than the more ſouth- 
erly. 


8. Within the tropics, and near them, thoſe ac- 
counts we have had from others, and the obſerva- 
tions made at St. Helena, make very little or no va- 
riation of the height of the mercury in all wea- 
thers. 


Hence, I conceive, that the principal cauſe of 
the riſe and fall of the mercury is from the vari- 
able winds which are found in the temperate zone, 
and whoſe great inconſtancy, here in England, is 
notorious. 


A ſecond cauſe is, the uncertain exhalation and 
precipitation of the vapours lodging in the air, 
whereby it comes to be at one time much more 
crowded than at another, and conſequently heayi- 

O 2 ER 
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er; but this latter depends in a great meaſure 
upon the former. Now, from theſe principles, I 
ſhall endeavour to explicate the ſeveral phenome- 
na of the barometer, taking them in the ſame order 
I have laid them down. Thus. 


1. The mercury's being low inclines it to rain, 
becauſe the air being light, the vapours are no 
longer ſupported thereby, being become ſpecifically 
heavier than the medium wherein they floated ; fo 
that they deſcend towards the earth, and, in their 
fall, meeting with other aqueous particles, they 
incorporate together, and form little drops of rain: 
but the mercury's being at one time lower than 
another, is the effect of two contrary winds blow- 
ing from tlie place where the barometer ſtands; 
whereby the air of that place is carried both ways 
from it, and conſequently the incumbent cylinder 
of air is diminiſhed, and accordingly the mercury 
inks: as, for inſtance, if in the German ocean it 
ſhould blow a gale of weſterly wind, and, at the 
ſame time, an eaſterly wind in the Iriſh ſea; or, if 
in France it ſhould blow a northerly wind, and in 
Scotland a ſoutherly ;. it muſt be granted, that 
that part of the atmoſphere impendant over Eng- 
land would thereby be exhauſted and attenuated, 
and the mercury would ſubſide, and the vapours 
which before floated in theſe parts of the air of 
equal gravity with themſelyes would fink to the 
earth. | | NE 

2. The greater height of the barometer is oc- 
caſioned by two contrary winds blowing towards 


the place of obſervation, whereby the air of other 
places 
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places is brought thither and accumulated z fo that 
the incumbent cylinder of air being increaſed both 
in height and weight, the mercury preſſed thereby 
muſt needs ſtand high, as long as the winds con- 
tinue ſo to blow ; and then the air being ſperifi- 
caly heavier, the vapours are better kept fuſpend- 
ed, fo that they have no inchination to precipitate, 
and fall down in drops, which is the reaſon of the 
ſerene good weather which attends the gener 
heights of the mercury, | 


3. The mercury ſinks the loweſt of all by the 
very rapid motion of the air in ſtorms of winds. 
For the tract or region of the earth's ſurface, 
wherein the winds rage, not extending all round 
the globe, that ſtagnant air which is left behind, 
as likewiſe that on the ſides; cannot come in ſo 
faſt as to ſupply the evacuation made by ſo ſwift 
a current, fo that the air muſt neceffarily be at- 
tenuated, when and where the ſaid winds continue 
to blow, and that more or leſs according to their 
violence: add to which, that the horizontal mo- 
tion of the air being ſo quick as it is, may in all 
probability take off ſome part of the perpendicu- 
lar preſſure thereof; and the great agitation of its 
particles is the reaſon why the vapours are diſſi- 
pated, and do not condenſe into drops ſo as to 
form rain, otherwiſe the natural conſequence of 
the air's een, 


4. The mercury ſtands higheſt upon the eaſter- 
ly and north-eaſterly wind; becauſe in the great 
Atalantic ocean, on this fide the thirty-fifth de- 

| | gree 
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gree of north latitude, the winds are almoſt always 
weſterly or ſouth-weſterly; ſo that whenever here the 
wind comes up at eaſt and north-eaſt, it is ſure to 
be checked by a contrary gale as ſoon as it reaches 
the ocean; wherefore, according to our ſecond re- 
mark, the air muſt needs be heaped over this 
iſland, and conſequently, the mercury muſt ſtand - 
high, as often as theſe winds blow. This holds 
true in this country; but is not a general rule 
for others, where the winds are under different 
circumſtances: and I have ſometimes ſeen the 
mercury here ſo low as twenty- nine inches upon 
an eaſterly wind; but then it blew exceeding hard, 
and ſo comes to be accounted for by what was 
obſerved i in the third remark, 


g. In BY froſty ade the mercury general 
ly ſtands high; becauſe (as I conceive), it ſeldom. 
freezes, but when the winds come out of the north- 
ern and north-eaſtern quarters: or at leaſt, unleſs: 
thoſe winds blow at no great diſtance off. For 
the north parts of Germany, Denmark, Sweden, 
Norway, and all that tract, from whence north- 
eaſtern winds come, are ſubject to almoſt continu- 
al froſt all the winter: and thereby the lower air is 
very much condenſed, and in that ſtate is brought 
hitherward by thoſe winds, and, being accumu- 
lated by the oppoſition of the bann, wind blow- 
ing in the ocean, the mercury? muſt needs be 
preſſed to a more than ordinary height; and as a 
concurring cauſe, the ſhrinking of the lower parts 
of the air into leſſer room by cold, muſt needs, 


cauſe a geſeent of the upper parts of the atmoſ- 
* phere, 


| 
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phere, to reduce the cavity made 8. thas contrac- 
tion to an equilibrium. 

6. After great ſtorms, ben has mercury has 
been very low, it generally riſes again very faſt: I 
once obſerved-it to riſe one inch and an half in 
leſs than ſix hours, aſter a long continued ſtorm of 
ſouth-weſt wind. The reaſon is, becauſe the air 
being very much rarefied by the great evacuations 
which ſuch continued ſtorms make thereof, the. 
neighbouring air runs in the more ſwiftly to bring 
it to an equilibrium; as we ſee water runs the 
faſter for having a greater declivity. | 


. The variations are greater in the more 
northerly places, as at Stockholm greater than at 


Paris (compared by M. Paſchal); becauſe the 


more northerly parts have uſually greater ſtorms 
of wind than the more ſoutherly, "whereby the 
mercury ſhould fink lower in-that extreme; and 
then the northerly winds bringing in the more 
denſe and ponderous air from the neighbourhood 
of the pole, and that again being checked by . 
ſoutherly wind at no great diſtance, and ſo heap- 
ed, muſt of neceſſity make the mercury in en 


caſe ſtand higher i in the other extreme. 


8. Laſtly, this remark, that there is little or no 
variation near the equinoctial, does, above all 
others, confirm the hypotheſis of the variable winds 
being the cauſe of theſe variations of the height of 
the mercury; for in the places above named, there 
is always an eaſy gale of wind blowing nearly upon 


the ſame point, viz: E. N. E. at Barbadoes, and 


E, S. E. 
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E. S. E. at St. Helena, ſo that there being no 
contrary currents of air to exhauſt or accumulate it, 
the atmoſphere continues-much in the ſame ſtate : 
however, upon hurricanes, the moſt violent of 
ſtorms, the mercury has been obſerved very low; 
but this is but once in two or three years, and it 
ſoon recovers its ſettled-ſtate, about 298 ache. 


To fill the BAROMETZR. Tus, | 


IN order to 15 a barometer tube to the greateſt 
perfection it will be neceſſary to obſerve the fol- 
lowing rules: 1. That the tube be at leaſt one 
fourth of an inch bore ; but one third of an inch is 

better. 2. The tube ought to be new, and clean 
within when filled. In order to this, the tube 
ſhould be hermetically ſealed at both ends, at the 
.glaſs-houſe, when made; one end of which may be 
cut off with a file when you, uſe jt. 3. The dia- 
meter of the ciſtern that holds the mercury, in 
[which the tube is immerſed, ſhould be as large as 
conveniently may be, that che mercury therein 
may have nearly at all times the ſame altitude; 
otherways the index will not be true. 4. The 
mercury muſt be pure, and free from any mixture 
of tin, lead, or other metal. 5. It ought to be 
purged from air entirely, as it may be by boiling 
it, and filling the tube with it, while boiling hot, 
nearly, 6. The tube muſt be heated hot when 
filled, - x0 ayoid breaking by the boiling mercury. 
7. It ſhould be rubbed very hard, to excite the 
gleQric virtue, which will expel the particles of air 
fram the ſurface within, 8. There ought to be 
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number of little paper funnels (ſuch as is repre- 


fenced in plate 3, fig, 7), quite clean, in dined to 
nt the mercury into the — e, 


Take che tube, fig. 2, mn a fill the ball 
with mercury, after which, place che thumb of 
; * right hand _ ther end A, and the fore- 

finger of your left upon the end B, holding it 
downwards, and ſhaking it endwaya, the mercury 
will run into the tube until it be quite filled; 
vou may then turn it as in the figure, and the 
mercury will ſink. in the tube to B, Which will be 
29 inches 1 Hhalf from the ſurface of the mercury 
in the ball at A, if the preſſure of the atmoſphere 
at that time be at changeable, as at fig. 1. N. B. 
If any air bubbles ſhould happen to be left in the 
tube after it is filled, you muſt invert it, and place 
your thumb and fore-finger as before, and gentiy 

knock the end B. with your finger underneath it, 
upon a table, while all the air bubbles have riſen 
into the ball, then it is perfect; but this operation 
is neyer neceſſary but when het bore of the gods is 
d econ e 


The Dracoxa Beroun. 


| A B 3 FIT is a tube ſealed: at c. TIED 
in mercury at A; this tube is perpendicular from 
A to B, where the ſcale of variation hegins; from 
thence it is bent into C B. This part B C pro- 
ceeds to the higheſt limit in the ſcale of variation, 
viz, I C; and conſequently while the mercury 
riſes from C to. I in the common Barometer, it 
« F : es 


| will move 
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will move in this {rom B 80 C. and fo. the ſcale 


will e ee e 3 
of B C to 1 C. NE 


n this form. pen ie to A gerat de- 
Bree of friction, on account of the obliquity in 
the part B C, which inclination, making the 
quicicſilver frequently divide into ſeveral parts, 
e eee 
| 


Tas 


Tue Hortzoncl Refine besonnen. 


| CONSISTS of a tube 4 C DB; fig. 7 fealed 
on the upper End A, and bent to a right-angle at 
D, whence it has the name of the horizontal rec 
tangular barometer. The mercury ſtands in both 
legs from E to C. The ſcale of variation from 
D to P, is here made of a larger part, and then it 
is evident in moving three inches from A to C, it 
fo many times three inches in 
the ſmall leg D F, as the bore of D F is lefs than 
the bore of A C, whence the motion of the mercu- 
ty at E muſt be extremely ſenſible, This form is 
liable to the like excepti 


tions as remarked in that of 
fig. 3, and beſides a great degree of friction; and 
the frequent breaking off of the mercury in the 
leg E, the part DF being a very ſmall bore, the 
free motion of the mercury therein muſt be im- 
peded by the attraktion of coheſion. n 


The Warn Banoiteran. 


AFis. 55 repreſents che quicker in gi 
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tube, haying a large round head or bal, and 
turned up at deten f. ypon the ſurſace of the 
mercury, inthe recuryed leg there is, then p laced 
an iran ball, with a ſtring going over à pulley, a 
is by, another weight hanging y.in 
the air. As the ſurface at A is very large, and 
chat at B very ſmall, the motion of the quickſilver, 
and conſequently of the ball A, will at, bottom be 
very conſiderable; - But as the weight moves op 
and down, it turns the-pulley, and that a hand or 
index, by the diyiſions of a large graduated circle, 
the minuteſt variations of the air are plainly, 
ſhewn, if the inſtrument be ſo very gccurately 
made 1 n of the N n be j  incog- p 


e a fe Tp 


1 
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To refine Maxevns Asten. | | 


PUT your mercury. in a irong glaſs bortle, 
with a little ſand, and ſhake it well for fome time, 
after which pout it. into a baſon, and add thereto 
as many half ounces of double refined aquafortis, 
as you have pounds of mercury; let the aquafortis 
evaporate h and it is then fi for uſe, | 


N. B. If the mercury be impure, 8 muſt add 
more e ee 


Torefine the Ms eva if die other Metals 


MAKE an iron ball A. fig. 6, that is hel- 
low, and will ſerew in two halves in the mid- 
wild to one half muſt be fixed a pipe * 

P2 bended 
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| | berided) for the convenience of going into 4 


veſſel of water, then put your metal in, and ſcrew 
it up, and place it on the fire, and the metcury 
will evaporate from the ball along the pipe into 
the veſſel of water C, and leave, dl the drege 


4 
; ' 
q ; 
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A general Deſcriptn of making TwzzmoMeteas. 
, Ca B47 ' TR | i% ; | _ b : . NJ 


I. YOU muſt be well provided with tubes, 
and bottles at the end of them, or you may blow 
them yourfelf by meuns of a blow. pipe and lamp; 
after which, provide ſome good ſpirits of wine, 

with alkanate- root, and put it in the baſon, fig. 
10; then take the inſtrument, fig. 8, which is 2 
large iron tube, heat it red hot, and with a pair of 
tongs, lay hold of it at A, and immerſe the ball 
A, and tube, fig. 10, into it while hot, and it will 
drive the air out of the ball; then immediately 
immerſe it into the baſon, and then ſpirits will 
aſcend intò the ball, and fill it. If it ſnould not 
be quite full the firſt operation, it may be done a 
| ſecond or third time, &c e. 


How to fill a Tun with Mercury, 


TAKE a tube, fig. 9, and lap a paper funnel on 
the top of it, ſuch as fig. 7, and pour mercury into 
it, until it covers the top B; then heat it as be- 
fore, with the mercury in it, and the air will aſ- 
cend, and, as it were, ſeem to boil through the 
mercury; when obſerve as ſoon as it has done boil- 
ing, take it out of the inſtrument fig: 8, and the 

. * | mercury 


- 


. 
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mercupy will deſcend into the ball, until it be q qui 
toll; after which, ſet it to cool, to ſuch ad 
of denſity, that the mercury will not ſettle into the 


ball in extreme froſt; then, by r 
you may throw qut as much; ſuperfluous. mercury © 


as you find ſufficient: afterwards hermetically ſeal 
it with your blow-pipe and lamp, and it is "RT 


nee FE, e . 1 
a hoſe who T a more 3 deten of 


£ the different ſcales, may be well inſtrufted in Mar- 


tine's treatiſe on the ſcales of - thermometers ; it 


would be le too 9 to be inſerted here. 


* 
5 4 id 4 


To make sven SOLDER. 


MELT fine ſilver two _ braſs one . : 
don't keep them long in pms leſt the” braſs fly 


« any 1 in _— 


FOR for coarſer 8 5 


MELT four parts of fins filver, three of braſs, | 
throw 1n a little back, 3 and pour it out as ſoon as 
it is melted. | . f 


* 
\ 


4 801 pr for colo. 


MELT copper one part, fine Glver o one e party 
nnd gold two parts; add a little borax when it is 
Juſt melted, ew pour out Ts; b 


The 


there will ariſe little bri 
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The Meths of Soldering Gold or ae 


n TU ITE 7 * 
the 8. THE COT Had 248 TOE 1 7 


Hi hie 7775 


| i bend te more ready air e ie me Lins 
bm e or Aatted between two rollers; after 


which, cut it into little bits, then join vont work | 


er with fine ſoft iron wire, and with a ca. 


mel's-hair pencil dipt in borax, finely powdered, and 


well moiſtened with water, touch the joint intend- 
ed to be ſoldered, and Place 4 t ſolder upo don 


tlie] "ine, then app ly i it upon large piete of char- 


Coal, and with A blow | pipe and lawp, ſuch as is 
reppofenceld fig. 11 and 12, blow upon it through 
the flame t it melts che han, and it is 1 


PT,” » * N 4 W h 
Fa, — err 


To cleanſe SILVER 4 1 Seldered. 


C 257 


' AFTER which make it juſt rod, hot ant toe i. 
cool en boil it in allum water, in an earthen ve 
and it will be as clean as when new. If gold, boi 
it in urine, «gd ſa]-armoniac. N. 


4 1142 T# 11 
1 LETS CITI 3 


14 "HEE for L245. . 


10 parts lead and one part tin, js goodnes; ; 


is tried by melting it, and pouring the bigneſs of 
. crown-piece upon the table; for if it be good, 
he ſtars in it. N. B. You 


muſt V roſin whe u uſe iy Oe. 


A Soren for Tax... 1158 5 To. 


7 BY F 


TAKE four parts pewier, one 6 of tin, , and 1975 | 


21; ]- * 


en 
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of biſmuth, melt them together, and run them 


08. $34 


I * + Y 
— W 7 # 


"ora G here is neceſſary but 9550 mw” 


"AA Betis: 2 5 


braſs, with borax applied, mixed with Ne to 


the poliftence of FRF 1 
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"TAKE roſin e pouhd, pitch four dards © 


melt theſe together, and while boiling hot, add 
brick-duſt, until by dropping a little upon 2 ſtone 
you perceive it hard enough; then pour it into 
water, and W WER 132 in rolls, * it 
| is fit for ufe. 


+ 


Another Fixx chan the lat. 


, = 


' TAKE roſin one ounce, pitch two ounces, add 


wong enough, and i i is done. 


thin piece of wood to it, and it will hold while you 
have turned it, by the cement; when you want it 
off again, ſtrike it on the top wich your up and it 
will Pp off S Reel 


— 


red oker, finely Powdered, until you Perceive it 


— 


N. B. Eicher of thats js * > FO : 
turners, by applying it to the ſide of a chock, and 
making it warm before the fire, you may faſten any 


— — — 
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Ce: A Cr for broken Pots > GIL; We. 2 


oh - TAKE quick-lime, glare of eggs, ant. old 
thick varniſh, grind and temper them 99275 244 
TORS eee NTT 


Fe A ſtrong Cintzry for bean K g. 


MELT one pound of rofin i in a pot or pan, over 
a ſſow fire, add thereto, as much plaſter of Paris, 
in fine powder, as will make it hard enough, 
which you may ſoon know by trial; then. add a 
ſpoonful « of linſeed oil, ſtirring it all the time, and 
try if it be hard and tough enough for, your pur- 
poſe, if it is not ſufficiently hard, add more plaſ- 
ter of Paris, and if not tough enough, a little more 
linſeed oil. | | 


N. B. I believe this to be as good a cement ay 
is poſſible to be made for tlie purpoſe. 


& Cru R for Grass-GAmpxxs. 


TARE pitch and 68 it, add thereto, and keep 


Mirring i it all the while, fine ſifted woog- ales; un 
tit you have i it of a Pee PT; | 


ww 


Anorux. for Small Work. 


TAKE ſix parts roſin, and one of — 
8 
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melt them together, and if too ſoft, add more ro- 
fin, VI UNS want Bore &c. 


A Serum or GLvz, that wil hold very ſtrongly, 
| either againſt Heat or Moiſture. 


M IX and boil linſeed oil and quick ne toge⸗ 
ther, till they become very thick, then pour them 
out,” and make them into rolls or cakes, and they 


will prove yery uſeful, applied to — N 


A good Grun for Sion BoarDs, or any Thing 9 5 


that muſt ſtand the Weather. 


N ELr- common glue with water, to a proper | 
conſiſtence ; then add a little linſeed oil; with a 
little red lead, more or leſs; as you - ſee occaſion; | 
and it will anſwer the purpoſe exceeding well. 


To make a fine Grun, where with you alas caſt 
curious MzpaLs. 


STEEP iſinglaſs in brandy, and when it has 
diſſolved it; boil it together with water, and ſpread 
1t over any medal, and when dry, it will appear 
perfect. 


To STain Woop Reb. 


TAKE archal one pound, add' 1-4th oil of 
vitriol,. and it is ready for uſe; to make it ſtrike 
deeper, add a little more oil of vitriol. 

Wt 1⁰ 
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; | To STAIN BL ve. * 75815 


DISSOLVE ig well bruiſed, one ounce, in 
a pound of oil of vitriol, ſet. it near the fire for two 
or. three days, keep ſtirring it often with a ſtick, 
then let it down t to what ſtrength you pou with 


ee. e 2 7. ot 
GAMBOGE or rutmetic diſſolyed in Gil of 
| vitriol, 


A Bikes | 


TAKE the ſparks which lay, under » finich's 
Ge. (bur diſſolved ſteel 1 is better), beat it to a 


fine powder, and incorporate. it in very ſtrang 


alegar or vinegar; add thereto blue nut galls, and ] 
a little copperas and allum; but before you lay the c 
ſain on, it will be proper to ſtrike it over with 3 
boiling hot logwood water, and i it will make a * 
120 . Th a 
f To STAIN GREEN. - bs 
'DISSOLVE ien, in water; add of the 
blue ſtain to it, as you ſee occaſion. N. B. All | 
the wood muſt be. very me. h wi 
of 
cle 


Bu ua. Ix x. 


A little of the blue tain tempered with water, 
Nich the addition of a little n 9 00 
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A ComposrTion for Oxwamenwrs. 


TAKE pounded -chalk, what quantity you | 
pleaſe, add thereto. as much thin glue as will make 
it into paſte, which mix well together; then put 
it into moulds, being a little oiled, and preſs it 
well in, after which, take it out, and it will grow 
as hard as ſtone. N. B. You muſt make no more 
of the compoſition than you want for preſent uſe, 
for if it be left. till it en hard, i it cannot de 

worked again. | 


Pg 


oy 


To Proye Series of Wires, whether they are 
fit for VanxIsn. | 

TAKE ſome in 4 8069, and put a ths 3 gun- 
powder in it; after which, ſet it on fire with a can- 
dle or lighted paper, and if it fire the gunpowder 
when it has burnt itſelf dry, it may be depended 
on as good, if not, it is not fit for varniſh at all. 
The leſs of watery parts are in the varniſh, the 
ſooner it dries, and 1s fit for poliſhing ; it is more 
permanent, and will come to a better gloſs. 


3 0 make Szep-Lac VaR RISE. 


TAKE ſpirirs of wine, one quart ; put it in 2 
wide and, bottle, and add thereto eight ounces 
of ſeed-lac, which is large grained, bright, and 
clear, free from dirt, ſticks, and let it ſtand two 
days or longer in'a warm place, often ſnaking it, 
ſtrain it through a flannel i into N bottle, and 

it it is fit for uſe, | { 
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Fo make Santi ne? Vang, \ 


TAKE 1 irits oben ei Ache 
ouncrs of ane and Upton ne q I. 
lac, which, if melted in the flame of a candle, will 
draw out in the longeſt and fineſt hair; mix and 
- ſhake theſe together, and let them ſtand in a warm 
place for two days, and it is ready for uſe. This 
- vatniſh is ſofter than that which is made of ſeed- 
lac, therefore is not ſo uſeful; ; IT Siam: 
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1 ak it for e „ 
1 make Lace = | 


F aaa ounces of ide of wine, * one 
n of arnoto, well bruiſed, mix this i in a bottle 
by itſelf ; then jake one ounce of gumboge, and mix 
it in like manner to the ſame quantity of ſpirits : 
alſo bfuiſed ſaffroh, ſteeped in ſpirits to nearly the 
et this take ſeed-lac varniſh, 
eaſe, and'you may. brighten 


what quantity vou 


it to yout mind by t above mixture: if it be too 
yellow, add a little more from the arnoto bottle 1 
and if it be tos red, add 4 little more from the 
gumboge or ſaffron bottle; if too ſtrong, add a 
little ſpirits of wine, &c. thus you may temper 
hk or varniſh to what esd of 5 5 you 
Bows: wi ad 8 554 5 
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